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REPORT. 



The Eighth Annual Convention of the American Railway Master 
Mechanics' Association assembled in the Hall of the Cooper Insti- 
tute, in the city of New York, May 11th, 1875. 

President H. M. BEITTON in the Chair, and the following officera 
present : 

N. E. CHAPMAN, Cleveland & Pittsburgh R. R., Fibst Vice-Pres- 
ident. 

W. A. ROBINSON, Great Western R. R., of Canada, Second Vtcb- 
President. 

S. J. HAYES, Illinois Central R. R., Treasurer. 

J. H. SETCHEL, Little Miami R. R., Secretary. 

The session was opened with prayer, by the Rev. J. M. Pullman of New 
York. 

On motion, the minutes of the last session were received and approved 
without reading. 

The Presideni>— The first business in order is the calling of the roll, 
after which there will be an opportunity given for all who are eligible and 
desire to become members to sign the Constitution. 

The following members responded to the call of the roll : 

NAMB. road. address. 

ANDERSON, H „.«„„ 166 Lake St., Chic«ffo. 

BBITTON. H. M Cincinnati, Ohio. 

BOON, J. M « Pittaburgh, Fort Wayne A Chicago Fort Wayne, Ind. 

BUSHNBLL, R. W.. Burlington, Cedar Rapids A Minn.... Cedar Rapids, Iowa. 

BROWN, H. L „ ....Late of Brie Paterson, N. J. 

BLACKALL, R. C...^. Albany A Sncauehanna Albany, N. T. 

BOYDEN, G. E .. ...Boston* Hartford A Erie ...........................Boeton, Maes. 

BROOKS, H. O....*.............. Brooks Locomotive Works - Dunkirk, N. Y. 

BRITTON, A. W.». Cincinnati A White Water Valley..... Harrison, Ohio. 

BROWN, C. H.. Late Delaware, Laokawanna A Western..Uti«a, N. Y. 

COOPER, W. B . .„„, . .....Dunkirk, N. Y. 



NAME. BOAD. ADDRESS. 

CHAPMAN, N. E CleVelard A Pittsburgh Cleyeland, Ohio. 

CUMMINOS, S. M Pittsburgh, Fort Wayne ft Chicago Allegheny, Pa. 

COOLIDOE, G. A Fitchburg ^ Charlestown, Mass. 

CL ABK, D Lehigh Valley Hazleton, Pa. 

CHURCH. FOSTER Troy A Boston Troy, N. Y. 

CUSHING, GEORGE « Chicago, 111. 

CURTIS, BOBEBT Pittsburgh, Cincinnati' ft St. Louis Columbus, Ohio. 

CLARK, PETEB........... ..Northern of Canada .^.....Toronto, Canada. 

CASSCADDIN, B. Chicago, Bock Island ft Pacific Trenton, Mo. 

DbCLEBCQ, a. H International ft Great Northern Hearne, Texas. 

DBYINB, J. F Wilmington ft Weldon « Wilmington, N. C. 

DBIPPES, ISAAC Pennsylvania West Philadelphia, Pa. 

EASTMAN, C. L Concord Concord, N. H. 

EASTMAN, J. U Nashyille ft Chattanooga NashTille, Tenn. 

FRY, HOWABD Philadelphia ft Erie Wllliamsport, Pa. 

FLYNN, J. H .................Western ft Atlantic ,„^ Atlanta, Ga, 

FULLEB, WILLIAM Atlantic ft Great Western Meadyille, Pa. 

GBAHAM, CHABLES Lackawanna ft Bloomsburg Kingston, Pa. 

GLASS. G. W Allegheny Valley Pittsburgh, Pa. 

GABFIELD, E Qartford, Providence ft FishkiU Hartford, Conn. 

GABBETT, H. D Pennsylvania West Philadelphia, Pa. 

GRIGGS, ALBERT Worcester ft Nashua......... Worcester, Mass. 

GRANGER, W. E. 

GOULD, F „ Middletown, N.Y. 

HAYES. S. J Illinois Central Chicago, 111. 

HILL, E. Erie New York City. 

HAM, 0. T.... „ Buffalo Steam Gauge Co Buffalo, N. Y. 

HUDSON, W. S. Rogers Locomotive Works ».«»...Paterson, N. J. 

HULL, A. S.. Cumberland Valley ........ Chambersburg, Pa. 

HEALY, B. W Rhode Island Locomotive Works .....Providence, R. I. 

HIBBEBD, A. W Jefferson City Iron Works Jefferson City, Mo. 

HOLLISTEB, C. W Valley Hartford, Conn. 

HUBBABD, J. G Erie Buffalo, N. Y. 

HODGMAN, S. A Philadelphia, Wilmington ft Baltimore.. Wilmington, Del. 

HANGLIN, J. A Texas Pacific ....Marshall, Texas. 

SICLLY, JOSEPH Providence and Worcester Providence, B. I. 

KlCBB, THOMAS Camden ft Amboy......... ..................Bordentown, N. J. 

KEELEB, SANFOBD Flint ft Pere Mamuette East Saginaw, Mich. 

KIDDER. B. H ; Buffalo, N. Y. 

LOSEE, T. V Indianapolis, Bloomington ft Weitern....Urbana, 111. 

LAUDEB, J. N...»......... Northern New Hampshire.....^....... Concord, N. H. 

LEWIS, C. M Northern Central Baltimore, Md. 

LINGLE, THOMAS Chesapeake ft Ohio Bichmond, Va. 

LANNON, WILLIAM Western Maryland ^ Union Bridge, Md. 

LEACH, H. L.....».................HInkley Locomotive Works.......... Boston, Mass. 



NAME. BOAD. ADDRESS. 

■ — fk- 

M OOBE, S . ........Pittoburgh, Fort Wayne & Chicago.........AIlegheny, P». 

MORSE, 0. V .Portland Locomotive Works Portland, Maine. 

NOYES. WARREN Great Western Gorham Station, N. B 

OSBORNE, EZRA ....Grant Locomotive Works Paterson, N.J. 

PIERCE, E „ Pittsburgh, Cincinnati ft St. Louis Dennison, Ohio. 

PHILBRICK, S. M Leavenworth, Lawrence ft Galveston Lawrence, Kansas. 

PEBBIN, P. J. Taunton Locomotive Works .....^...Taunton, Mass. 

PEDDLE, C. B....„ Terre Haute ft Indianapolis Terre Haute, Ind. 

PBESOOTT, A. J «. Oatawissa „.Catawls8a, Pa. 

PHILBBIOK, J. W Maine Central WaterviUe, Maine. 

BICHABDS, GEOBGE ^.Boston ft Providence Boston, Mass. 

B0BIN80N, W. A ....^Great Western of Canada Hamilton, Canada. 

8ETGHEL, J. H Little Miami Cincinnati, Ohio. 

SMITH, W". T Philadelphia ft Erie Erie, Pa. 

8EDGLET. JAMES Lake Shore ft Michigan Southern Cleveland, Ohio. 

STBONG, W. M^ .. New York ft Harlem New York City. 

SANBOBN, A. J Indianapolis ft St. Louis Mattoon, 111. 

STEABNS, W. H .....^Connecticut River.... Springfield, Conn. 

STEBK, F Virginia ft Tennessee Lynchburg, Ya. 

8MITH, W. B South CaroUna......^.... . ..Charleston, S. 0. 

tiPBAGUE, H. N Porter, Bell ft Co.. Pittsburgh, Pa. 

THOMPSON, JOHN... JBastern ..« East Boston, Mass. 

THOMPSON, JOHN Pittsburgh, Fort Wayne ft Chicago..'. Crestline, Ohio. 

TULL, C. H North Louisiana ft Texas.... Monroe, La. 

TA YLOB, J. K.......« Old Colony ft Newport,....^ ........ Boston, Mass. 

TUBBEFF, W. F Lake Shore ft Tuscarawas Valley BUck Biver, Ohio. 

VAN VETCHEN, J Erie „ «..Port Jervis, N. Y. 

WABBEN, B St. Louis, Alton ft Terre Haute St. Louis, Mo. 

WALLACE, H. S « -Columbus ft Hocking Valley .....«« Columbus, Ohio. 

WOODCOCK, W Central of New Jersey « Blizabethport, N. J. 

WELLS, B......»....................Jeffersonville, Madison ft Indianapoli8....Jefrer8onville, Ind. 

WADE, B. D North Carolina Company Shops, N. C. 

WHITE. J. L Evansville ft Crawfordsville «Evansville, Ind. 

WOOD, M. P „ New York City. 

WHITE, PHILIP Cleveland ft Pittsburgh «... ...« Wells viUe, Ohio. 

YOUNG, L. S Cleveland, Columbus, Cincinnati ft Ind.-Cleveland, Ohio. 



ASSOCIATE MEMBERS. 



NAME. BOAD. ADDBBSS. 

BEMENT, W. B Philadelphia. Pa. 

FOBNEY, M. N......^ Railroad Qazette «.. JJew York City. 

MILES. r.B ^ « ^ Philadelphia. Pa. 

MOBTEN.HENBY Hoboken. N. J. 

NOTT, GOBDON H « Joeton. Masi. 

THUB8T0N, B. H Hoboken, N. J. 

8ELLEB8. COLEMAN Philadelphia, Pa. 

WHEELOOK. JEBOME Worcevter, Mass. 



The President requested the Secretary to read the following Article of the 
Ck)nstitation relative to membership : 

ARTICLE IV. 

Sectiok 1. The following persons maj become members of the Associa- 
tion by signing the Constitution , or authorizing the President or Secretary of 
the Association to sign for them, and paying the initiation fee of one dollar: 
Any person having charge of the Mechanical Department of a Railway, 
known as "Superintendents," or "Master Mechanics," or "General Fore- 
men," the names of the latter being presented by their superior o£Bcers for 
membership; also two Mechanical Engineers or the representative of each 
Locomotive Establishment in America. 

Sec 2. Civil and Mechanical Engineers, and others whose qualifications 
and experience may be valuable to the Association, may become Associate 
Members by being recommended by three active members. Their names 
shall then be referred to a committee, which shall report to the Association 
on their fitness for such membership. Applicants to be elected by ballot at 
any regular meeting of the Association, and five dissenting votes shall reject. 
The number of Associate Members shall not exceed twenty. Associate Mem- 
bers shall be entitled to all the privileges of active members except that of 
voting. 

The Pbesident — Opportunity is now offered to those who are eligible to 
membership to sign the Constitution. 



NEW MEMBERS. 



NAME. 



BOAD. 



ADDRESS. 



BBEWER, 8. E «..,.. 

BLACKBURN. V 

CHAPMAN, J. W 

DBIPP, W. A 

POSTER, W. A 

HILL, RUFU8.. 

HAGGETT, J. C 

HARDING, B. R 

LA SEDR, W 

McDOUGAL, R 

NOBLE, L. C... 

PENDLETON, M. M.... 

STRODE, JAMES 

SIMPSON, C. G. C 

WILDER, F. M 

WALLACE, ROBERT.. 



.....New York, New HavoB & Hartford.....»...Hartford, Conn. 

.....Erie «. Jersey City, N. J. 

.....Erie Hornellsville, N. Y. 

.....New York A Oiwego Midland Phfladelphia, Pa. 

Fltchbarg, T. 4r M. Division. ...Fitchburg, Mass. 

....Gainden A Atlantic...«................«.....»......Oamden, N J. 

Dnnkirk, Allegheny Valley A Pittsburgh^Dunkirk, N. Y. 

Baleigh A Gaston .. ....... Raleigh, N. C. 

....JTlushing A North Shore College Point, L. I. 

— Mobile A Ohio Whistler, Ala. 

.....Honston A Texas Central ..................Jlonston, Texas. 

.....Seaboard A Boanake. Portsmouth, Va. 

E. A C. Division Northern Central Elmira, N. Y. 

.....Montreal, 0, A W ......Montreal, Canada. 

.....Brie BuHislo, N. Y. 

.....Erie Susquehanna, Pa. 



The President then delivered his annual address : 



PRESIDENT'S ADDRESS. 

Oentiemen of the Aasocialum : 

Let us rejoice in thb reunion ! Again it is our happiness to re- 
echo those words of welcome which fof eight consecutive years have 
sprung spontaneously from our hearts and lips. I congratulate you 
upon this large gathering of our fraternity ; I congratulate you on 
the prosperity, harmony, and usefulness of our Association. 

Gentlemen, without confining myself to any particular department 
of railway management, I have taken the liherty, in past years, so 
far as I have been able, to review with you the prominent features 
in the general condition of the railways throughout the country. I 
have not sought to be an alarmist nor a prophet of ill, yet I could 
not avoid pointing out to you what seemed to me the tendency, from 
the gross errors and extravagances which had obtained so strong a 
hold upon our railway economy. The results which you and I then 
foresaid have followed, and we are in the midst of a widespread rail- 
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way bankruptcy. I am not about to discuss it ; this is not an occa- 
sion to be given up to painful subjects, but I should fail in my duty, 
gentlemen, and you will fail in what the railway interests of the 
country have a right to expect from you, if we do not attempt to 
show how the equipment of railways can be so reformed as to aid 
in restoring this great industry to a solvent condition. 

Gentlemen, this railway bankruptcy has given rise to various ex- 
pedients for overcoming it. Anoiong other remedies, '* narrow-gauge 
railways " have been recommended as capable of so much cheaper 
operation that their adoption would work a cure. I refer to this, 
not for the purpose of discussing the question of gauge, but to call 
your attention to the fact diat whore the narrow gauge has been 
adopted the great practical e£fect has been to materially reduce the 
weight of the rolling stock. 

Here, gentlemen, it is well we should pause for reflection ; here 
we are touched in our own department of railway economy ; here we 
are a£fected where we alone are concerned, and where we have the 
whole responsibility. If a narrow-gauge railway can be operated at 
materially less expense than one of the ordinary gauge, chiefly 
because the rolling stock in use upon it is lighter, or, to speak more 
correctly, there is less dead weight hauled upon the narrow gauge in 
proportion to the paying weight, is there not a remedy at once to be 
applied to reduce the cost of doing business on railways of the ordi- 
nary gauge by reducing the weight of the rolling stock ? 

Gentlemen, during the last twenty years railways of the ordinary 
gauge have not changed in th^ir superstructure, in their bridges, or in 
their iron, but the rolling stock in use upon them has increased in weight 
from fifty to one hundred per cent., and the usual load for a freight car 
has increased fifty per cent. The same bridge and the same iron, and 
yet an enormous increase in the weight which is constantly bearing 
down to crush that iron and those bridges. Gentlemen, can any 
thing be more obvious than that if the proper proportions formerly 
existed between the superstructure, the iron, and the bridges, and 
the weight of the rolling stock, those proportions are now entirely 
out of balance ? 

If a locomotive that weighed twenty-two tons, a freight oar that 
carried eight tons, and a passenger car that weighed fifteen tons, 
were suitable to the ordinary gauge of railways twenty years ago. 
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how is it that, without changing the roads, we are now operating on 
them locomotives weighing thirty-three tons and upward, freight 
cars loading twelve tons and npward, and passenger cars varying 
from twenty to thirty- five tons? 

I believe, gentlemen, that these are essentially the facts of the 
case. I believe they have had a material influence in producing the 
present railway bankruptcy, and it seems to one that it does not 
speak well for our influence as Master Mechanics that we have not 
been able to do more with railway managers in preventing the use 
of rolling stock of such enormous weight. 

At this meeting, and as an Association, it is our duty to do all in 
our power to correct this great evil. We must show that a change 
of gauge is not what is required, but a change in the weight of the 
rolling stock. 

The present gauge, the gauge of Stevenson, will answer for all 
main lines of railway if the dead weight of rolling stock is not so 
out of proportion to the paying weight as to be a burden upon the 
commerce of the country by materially affecting the earnings of its 
railways. 

The reports presented at the last Annual Convention were well 
prepared, for which the committees deserve great credit. Each 
member should render such assistance as he can to the committees 
by answering their circulars early, so as to give them ample time to 
prepare their reports before our annual meetings. 

After the reports have been read in open convention and are 
ready for discussion, all should take an active part and enter into 
the discussion, so that we may arrive at important and valuable facts 
that can be reached in no other way. I trust that no member of this 
Association will hesitate to give us the benefit of his experience 
upon any topic that may come before this Convention, for it is only 
by a free interchange of thoughts and views, openly expressed in a 
free and candid discussion, that we can arrive at the object of our 
Association. 

Gentlemen, the question is often asked why we, as an Association, 
do not arrive at definite conclusions. This question should be care- 
fully considered. If we meet each year in Convention, have the 
reports of the committees and fully discuss them, I doubt if there 
is a necessity of any definite action as a Convention. We can judge 
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from the reports and discussions as to which is the best material and 
which the best manner of construction. 

At our Ffth Annual Meeting the Committee on ** Computing Mile- 
age" recommended a uniform system of keeping ^'mileage" and 
" repair " accounts which was was adopted. 

It is to be hoped that all who publish their reports will follow 
their recommendation, so that as we compare reports we can do so 
understandingly. 

Gentlemen, we are under many obligations to the Railway Oazette 
and other mechanical papers of the country, and the press generally, 
for printing our circulars, reports, and other matter. 

Your Secretary has performed his duties the past year with the 
same skill and correctness for which he is characteristic. The 
duties of that office are increasing each year. The Committee on 
Assessment should commence their work early in the session, and 
each member present should settle with the Committee, thereby sav- 
ing the great trouble of sending through the mail. 

Gentlemen, the city of New York is fast becoming the commercial 
center of the civilized world. In every age the commercial capital 
has become the seat of the mechanical arts ; there they have found 
their greatest development and their largest usefulness. The com- 
mercial capital of this country, the destined center of the commerce 
of the world in this age, makes no exception to that law of the past. 
This period far surpasses in mechanical devices applied to commerce 
all that have preceded it. The infancy of the present application of 
the steam engine to navigation was here — Robert Fulton, after hav- 
ing had his proposals rejected by *' Napoleon the Great,'' launched his 
first steamboat on the Hudson river. From that birth have sprung 
the wonderful application of steam to commerce, by land and by 
water, without using and enjoying which we can not move to or 
from New York. 

New York steamers now vex every ocean and every sea, and New 
York capital causes a thousand locomotives, traversing the entire 
continent, to visit every city, aye I every hamlet, from beyond the 
lakes to the gulf; from every portion of the Atlantic shores to the 
slopes of the Pacific Ocean. 

Gentlemen, I thank you for your attention while I have been 
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making these crude remarks ; I thank you for the many acts of 
kindness shown me since the formation of this Association. 

I now invite you to enter upon the business of the Convention. 

The Fbestdent — The next business in order is the report of the Secretary. 

SECRETARY'S REPORT. 

To the American BaUway Master Mechanic^ Association : : 

Gentlemen — I herewith submit for your information a detailed 
statement of the condition of finances, membership, and such other 
matters as have seemed of sufficient importance to justify a brief 
mention, and coming within the range of the duties of your Sec- 
retary. 

MEMBSBSHIP. 

Since last report six members have resigned and thirty-seven have 
joined the Association \ of these, thirty became members at the 
Seventh Annual Convention, and seven since that time by authoriz- 
ing the Secretary to sign the Constitution, as provided for in Section 
1 of Article IV. 

The names of sixteen members, being two years in arrears for 
annual dues, will hereafter be stricken from the roll and the parties 
duly notified of the same. The total number of full members, afler 
excluding delinquents, is 224 ; Associate members, 12. 

Fifteen hundred of the Seventh Annual Report, containing three 
hundred and twenty-seven pages, have been printed by the same 
parties and at the same rate as the previous year, but there being 
thirty-nine per cent, more matter to be printed, the total cost has 
been correspondingly increased, as you will see by the report of 
your Treasurer. 

Of the above number there has been sent : 

To members 975 

To Master Mechanics, not members 150 

To Superintendents 75 

To various parties on application 15 

Total 1,216 
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FINANCIAL. 



The expense attending the sending out of reports and eircnlars 
has been as follows : 

PoBtage on 954 copies sent by mail f66 78 

Postage on miscellaneoas reports 1 47 

Postage on 3,760 circulars 21 75 

Miscellaneoas postage and money orders - '31 05 

Total $121 05 

The receipts of the Association have been, from 

Assessment $2,030 00 

Initiation 36 00 

W. W. Evans, donation 10 00 

Unknown, donation ^ 5 00 

By direction of the General Supervisory Committee $1.00 per copy 
has been charged for reports sent to parties having no connection 
with railroads or the Association, and there has been realized 
from this source 17 14 

Total receipts $2,098 14 

Due on certified unpaid bills $313 08 

Due the Associations from members 680 00 

The principal and interest of the Boston Fund, amounting to 
83,620, is on deposit in the Lafayette Bank of Cincinnati, in trust 
for and subject to the order of the Association or its Trustees. 

There is yet on hand in the Secretary's office, of the 

First and Second Annual Beports 684 copies. 

Third Annual Beport 151 " 

Fourth " « 64 " 

Fifth " 287 " 

Sixth " 109 " 

Seventh " 273 " 

In addition to the above there are seven hundred small envelopes 
and three thousand engraved letter heads. The Association is also 
the owner of a dynamometer, presented by Messrs. Prosser & Son, 
and also a choice volume of engravings, presented by Gustavus 
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Weissenborn of this city, wbiob are by direction of the Aasooiation 
in the custody of the General Supervisory Committee. 

In this connection permit me to call your attention to the fact 
that the cost of sending out our annual reports the ensuing year will 
be considerably in excess of previous years, if sent by mail, on 
account of the postage on such matter being increased one hundred 
per cent., and would respectfully suggest that those members who 
can have their reports sent by express free of charge, as many of 
them can do, should notify the Secretary of the fact that this amount 
may be saved to the Association. 

Very respectfully, 

J. H. BETCHEL, 

Secretary, 

On motion, the report of the Secretary was received.- 

The PBESEDENT—The report of your Treasurer is in the hands of the 
Secretary, and is the next bnsiness in order. 
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On motion, the report of the Treasurer was received. 

Mr. Woodcock, Central Kailroad of New Jersey — I move that a com- 
xnittee be appointed by the Chair to make an assessment to meet the expenses 
of this Association for the current year. 

The motion was seconded and agreed to. 

The Chair appointed as such committee, Messrs. Woodcock, Taylor, and 
Sanborn. 

The President — ^The Committee on Finance, consisting of Messrs. Phil- 
l>rick, Kerr, and McAllister, yrill please examine the accounts of the Secre- 
tary and Treasurer, and report to the Convention during the session. The 
Committee on Assessment is ready to report. 

Mr. Woodcock, Central Railroad of New Jersey — ^The Committee on As- 
sessment recommend that ten dollars be levied upon each member of the 
Association for the purpose of defraying the expenses of the current year. 
On motion, the recommendation was adopted. 

Mr. EoBiNSON, Great Western Bailroad of Canada — ^I move that the Com- 
mittee be directed to collect the assessment. 
Carried. 

The Pbesident — The next regular business is the report of the Com- 
mittee, appointed at the last session, on ^* The Best Material, Construction, 
Operation, and Management of Locomotive Boilers." The Committee con- 
sists of Messrs. Boon, Jackman, and Cushing. Their report is in the hands 
of the Secretary. 

Beport of Committee on the Operation and Management of 
LooomottTV Boilers, Including the Poriflcation of Water. 

To the American Bailway Master Mechanic* Association: 

Gentlemen — Your Committee, appointed on " The Best Material, 
Construction, Operation, and Mi^nagement of Locomotive Boilers," 
beg leave to submit th^ following : 

From replies to your Committee's Circular, we are led to believe 
that the material in general use for locomotive boilers and fire boxes 
are steel and iron. We have reports from two hundred boilers, the 
outside shell and waist of which are steel. All who are using them 
report favorably. No defects have been discovered after a service of 
six years. Have also a report of an iron boiler with steel throat 
sheet. This boiler is also doing well. Some gentlemen object to 
steel on account of the first cost, claii;aing that the difierence in cost 
of steel over good iron is greater than its utility over. iron. We also 
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have reports of some two hundred boilers, the outside sheets of 
which are iron. These are all reported as doing well. Steel and 
iron are being used for fire boxes. Your Committee have no report 
of any copper fire boxes. Steel fire boxes in service, with wood for 
fuel, are giving general satisfaction. All who are using them are 
well pleased with the result. The steel fire box, with bituminous 
coal as fuel, is not giving so general satisfaction. Complaints are 
made that the side sheets will crack after a service of from six 
months to two and three years. These cracks invariably take place 
in the side sheets. (Have no reports of any other sheets cracking.) 
The crack starts about seven inches from the grate bars, in the cen- 
ter of the length of the fire box, and extends vertically from ten to 
thirty inches long; sometimes straight between the stay bolts; at 
others, the cracks are zigzag from stay bolt to stay bolt, and opening 
about one-sixteenth of an inch in the center of the crack. The 
fracture is sometimes accompanied with a loud report; at other times 
no report is made, and the trouble is discovered by the water running 
out. Some have cracked when the boiler was being filled with cold 
water; some when the boiler had been standing for twenty-four 
hours with the same water as when the engine came in from a trip^- 
and no disturbing cause whatever. Others have cracked on the left 
hand side when workmen were riveting up stay bolt on right side of 
fire box. 

We have a report of a steel fire box with iron crown sheet, and of 
fire boxes with copper side sheets. The gentleman does not state 
whether the remainder of the fire box is iron or steel. These fire 
boxes are reported as doing well. The iron fire box is also objected 
to on account of cracking and blistering. The blistering is caused 
by imperfect weldihg of the iron, and will take place with either 
wood or coal for fuel, but more rapidly with coal. Tour Committee 
have no report of fire boxes in which anthracite coal is used as 
fuel. 

From information gathered from answers to circulars, and their 
own experience, your Committee are of the opinion that good homo- 
geneous steel, that will not harden, is the best material for boilers 
and fire boxes. The first cost is the only objection urged against its 
use in outside shells. This can be offset by the lighter boiler. Steel 
has a tensile strength of nearly twenty per cent, more than iron, and 
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your Committee believe that steel sheets of five-sixteenths of an inch 
thickness can be used with safety in boilers of forty -eight inches 
diameter and under, where three-eighths of an inch iron sheets 
would have to be used. This difference in weight would make the 
cost of the two materials very near the same, with the additional 
advantage of the reduced weight of engine. Steel boilers have not 
been in use long enough to judge as to the wear of the material ; but 
we believe that, on account of the metal being more dense than iron, 
the corroding, or grooving, so fatal to an iron boiler, will be more 
gradual, and the life of the boiler longer. 

Your Committee have lately examined the inside of a steel boiler 
after three years* service. There were no signs of corroding ; the 
sheets looked as well as when first put in. Steel and iron are now 
used for wood-burning fire boxes. Steel is giving the best results, 
as lighter sheets can be used, and the metal will not blister. This 
is the defect in most of the iron used in fire boxes. When a good 
<|uality of iron is used, that will not blister, a fire box will last from 
eight to twelve years with wood. In using bituminous coal for 
fuel, copper, steel, and iron are used. Copper will not crack. The 
objection to its use is the wearing away or abrasion of the copper. 
This is a mechanical action caused by the fine particles of coal and 
cinder rubbing against the copper, either by the draft, throwing in 
of coal, or stirring up the fire. This will, in a short time, reduce 
the copper to a thinness that would be dangerous. The worst fea- 
ture of this is, it can not be detected without drilling holes through. 
AlS '* the sheet between the stay bolts becomes worn away, the pres- 
sure forces it out nearly to the line, or plane, originally occupied 
when new — to the eye it has the appearance of being intact." From 
the information your Committee have been able to obtain, the life 
of a copper fire box is from three to five years. There are instances 
where they have been destroyed in eight months; and again, where 
one has lasted eight years. The objections to iron fire boxes are : 
the difficulty in obtaining iron that will not blister, and that the 
iron becomes •* burnt out," very brittle, and will crack. Three years 
is about the average life of an iron fire box burning coal. 

The objection to steel fire boxes is, that they will crack. This is 
their only defect. Their advantages are ; sheets can be used thin 
enough to transmit the heat readily from the fire to the water, with 
2 
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a tensile streDgth sufficient to stand the pressure ; a surface of such 
density as to resist the abrasion and wear from the coal, and by 
using thinner, therefore lighter sheets, reduce the weight of the 
engine. 

Your Committee have a record of forty-one steel fire boxes, about 
the first put in in this country. The average of the three highest 
was nine years and six months ; average of the three lowest, four 
years and four months ; average of the forty-one engines, six years 
and four months. We have also examined some fire boxes made of 
all quarter inch steel, excepting the tube sheet, which have been in 
service four years and one month, and arc now good without a patch 
on them. Have also a record of eighty steel fire boxes, the oldest 
eight years old, six sheets of the whole number having cracked. 
DiflFerent causes have been assigned for the cracking of the sheets, 
among them unequal expansion and contraction, running cold water 
into the boiler, want of uniformity in the steel, and from the steel 
having an affinity to sulphur, and gradually absorbing it, until the 
nature of the steel becomes changed, and the fracture takes place. 
Your Committee are of the opinion that one of the last two is the 
cause of the trouble. If it was the expansion and contraction, all 
should crack ; but of the same class of engines, and same make of 
steel, one will run, and the fire box remain good, while the other 
will crack. 

Your Committee believe that the metal, as manufactured, is not 
uniform. They also believe that some chemical action not fully 
understood takes place between the gases and the steel when the 
coal is being consumed in the fire box. Your Committee are of 
the opinion that the manufacturers of boiler steel should take 
this matter in hand, and produce a uniform metal; also, to inves- 
tigate what changes, if any, take place in the metal after being 
exposed to a bituminous coal fire. They all claim to employ ex- 
pert chemists about their works, and should do this for their own 
interests. 

Iron tubes are used almost exclusively on coal-burning engines. 
In sections of the country where the water is bad they have to be 
taken out in from eight to thirty months. The action of the coal is 
to wear off the beading and start them to leaking. 

In construction of boilers there has been nothing new since our 
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last meeting. But few new locomotives have been built during. the 
past year. The general practice is to use three-eighths inch iron or 
steel for outside sheets of boiler, five sixteenths inch steel or iron 
for fire boxes, and from three-eighths to one-half inch for tube 
sheets ; water space around the firo box from two and a half to three 
and a half inches inside, and from two and three-fourths to four 
inches in front of fire box ; at straight seams eleven-sixteenths inch 
rivets are generally used, one and three -fourths inches from center 
to center. All longitudinal seams are being double riveted : centers 
of the two lines of rivets, one and one-eighth inches; center to cen- 
ter of rivets on same line, two and three fourths inches ; center to 
center, from one line to the other (or zigzag) one and three fourths 
inches ; stay bolts, seven-eighths of an inch, four in from center to 
center. The size of rivets, stay bolts, braces, and their position in 
the boiler, should be governed by the size of boiler and thickness of 
sheets used. There are rules given to determine their sizes. Your 
Committee are of the opinion that, for fire boxes, thin sheets give 
the best results. Sides and back of one-quarter inch steel, crown 
sheets five -sixteenths and tube sheets three-eighths of an inch of 
steel give good results. Tube sheets of seven -sixteenths inch iron, 
and the remainder of the fire box five-sixteenths inch iron, have 
also been reported as giving good results, until the iron became 
blistered. 

Your Committee believe that one-fourth inch steel is strong 
enough for the side sheets of fire boxes, and also believe it less 
liable to crack than five-sixteenths or three eighths inch. They 
have found it more pliable, and more easily straightened, when 
sagged down from mud collecting on it, than iron sheets five-six- 
teenths of an inch thick. It will not crack so readily from the 
crown bar rivets, when overheated from deposits of sediment. 

Your Committee believe that the water spaces between the fire box 
and outside shell, for coal burning, should never be less than three 
inches, and would recommend three and one-half inches. They are 
of the opinion that, in many old boilers which have been changed 
from wood to coal burners, with the original water space of two and 
one-half and two and three-fourths inches, the destruction of the 
fire box, and trouble of keeping in repair, is caused by the sheets 
being burned — the water being driven out of the water space with 
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the intcDse heat. Very good results are obtaiDed by narrowlDg the 
fire box from bottom to top, and thereby increasing the water space, 
giving a better circulation. 

Large sheets in boilers are being generally used, and are giving 
good satisfaction. It is the opinion of all that no advantage is 
derived from a large smoke box, but that the steaming of boilers 
have been improved by reducing their size. In this your Committee 
agree, as they have found in practice that, with a large smoke box, 
the nozzels had to be contracted to an injurious extent to produce 
the necessary draft. When the area of the smoke box was reduced, 
larger nozzels could be used, and the working of the engine im- 
proved. 

Pressure gauges are universally used. Water gauges are coming 
into more general use. Your Committee have no report of any new 
boiler attachments. 

Injectors for feeding boilers are again being used. They were for 
a time discarded; but as coal burning becomes more general, they 
are being applied in addition to one pump. 

There is a difference of opinion in regard to the braces from frame 
to boiler. In some the bracing consists of angle iron riveted to the 
under side of waist, connecting with a one-half inch iron plate to a 
brace running from frame to frame. In some plans the guide yoke 
is carried over the frames and the plate bolted to that. Another 
plan is to rivet braces to the boiler, the heel under the waist, near 
the center. Your Committee believe that both the above plans are 
objectionable, and believe that no brace or fastening of any kind 
should be in the bottom of the boiler. If riveted or bolted, corro- 
sion is sure to take place about the heads, and the expansion and 
contraction will break the sheet. It is but a question of time when 
this will take place. All braces from frame to boiler should be 
fastened to boiler at the center line on side of boiler, and the brace 
made light, so that the expansion and contraction of the boiler would 
spring the brace, and have no effect on the boiler sheets. The least 
possible number of braces from frame to boiler the better. We be- 
lieve, in most engines, one brace on waist at each side is ample. 

One hundred and twenty pounds of steam to the square inch is 
considered a safe working pressure with a good boiler. On some 
roads one hundred and thirty pounds is the maximum pressure. 
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The life of a locomotive boiler depends on the quality of the 
material the boiler was made of, the purity of the water used in it, 
plan of boiler, pressure of steam, and care taken of boiler while in 
servioe. Your Committee believe that, from the time a boiler goes 
into service, the metal of which it is made commences to deteriorate, 
and continues to do so as long as it remains a boiler. How rapid 
this is, or when it has continued until the boiler becomes unsafe, 
has not been determined. One of your Committee has, in less than 
seven years, broken up fifly-four locomotive boilers, all of iron. 
Some of them had been made of the very best Pennsylvania charcoal 
iron ; yet, after twenty years' service, they broke like very poor cast 
iron, the fracture showing a very white, fine grain. The first defects 
to show are generally on the bottom of waist. At the seam of front 
tube sheet the iron will be corroded or eaten through. Should there 
be a brace riveted or bolted on the bottom, defects will show about 
the heads of the rivets or bolts. Sometimes the sheets are pitted or 
corroded out in spots from one quarter to two and three inches in 
diameter. These defects show in from three to five years after a 
new boiler goes into service, and increase with the age of the boiler. 
Have known boilers to be condemned for this cause (corroding) after 
seven years' service. 

Your Committee believe twelve years to be as long as it is profit- 
able to use a locomotive boiler, and where the water is bad they will 
DOt be safe over ten years. « Your Committee are well aware that 
many persons will differ from this opinion, and claim that boilers 
will run for twenty years and over. The fact that they do so does 
not prove them to be safe boilers. 

Tubes should be removed for examining the boiler every three 
years. On roads with bad water the tubes are removed more fre- 
quently; on some roads they have to be taken out every twelve 
months. The only sure way to know the condition of a boiler is to 
remove all the tubes, clean all the incrustation out, and then care- 
fully inspect it. There is no certainty in testing with pressure, as 
the boiler may stand the pressure and yet be defective, and may 
develop and increase defects already in existence. Your Committee 
know of an instance where a boiler stood a hydraulic pressure of 
one hundred and fifty pounds to the square inch, and yet exploded 
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in less than three months after the pressure was applied, with one 
hundred and ten pounds pressure of steam. 

JAS. M. BOON, Pittsburgh, Ft. Wayne & Chicago, *) 

J. A. JACKMAN, Chicago, Alton & St. Louis, [ Committee. 

GEO. W. GUSHING, late Toledo, Wabash & WesUrn, J 



On motion, the report waB accepted. 

The President — Gentlemen, is it your pleasure that we now enter upon 
the discuRsion of the report? We have usually discussed each report imme- 
diately after its being read, but by some it has been thought better to defer 
it, and appoint certain members to open the discussion on the various sub- 
jects, and make them a special order for a certain hour. 

Mr. LA.UDER, Northern New Hampshire Railroad — Mr. President, in 
order to bring the matter fairly before the Convention, it seems to me neces 
sary to make some motion, and as there is no question before us, I move that 
the discussion of this subject t^ke place at the present time. If any member 
thinks it better to postpone it, let him vote against the motion. 

Carried. 

The President — The subject is now open for discussion. 

Mr. Ca.sca.ddin, Chicago, Rock Island & Pacific Railroad — I have eighteen 
locomotives under my charge which have steel boilers ; I have had them in 
active service for four years, and in all that time but one has cracked. That 
was in the crown sheet, outside, close to a double row of rivets, and parallel 
to the center of the boiler. I am not, however, prepared to say that I would 
recommend the use of steel boilers. I state this for the benefit of those who 
may want to know what my experience has been in the use of these engines. 
They have run from twenty-five to thirty tli^usand miles per year during all 
the time that they have been in use, and I have never had to patch but the 
one. 

Mr. Fry, Philadelphia & Erie Railroad — It seems to me that the discus- 
sion of this subject should occupy a considerable portion of our time, since 
it is one of the most important that is likely to come before us. A remaj-k 
made by Mr. Cascaddin is deserving of careful consideration. As the report 
of the Committee leaves the subject of steel in the construction of boilers, the 
world would be led to assume that it was a very unreliable material. From 
the reading of that report no one could tell, if they used steel for boilers, 
whether it might or not fly to pieces like a plate of glass, but would infer 
that the fire box was always liable to crack. The first speaker, however, 
stated that of eighteen steel boilers he has only known one sheet to crack in 
four years, and the place where that cracked is one where boilers are very 
liable to rupture of whatever material they may be composed. I think that 
it is important for us to find whether any other Master Mechanics have had 
similar experience ; and if the fact should be developed that certain of ua 
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<an use steel without any bad results, without any special liability to crack, or 
with no greater liability than can be accounted for by the use of defective 
material, and that this liability to crack is not so serious as to make the whole 
material unreliable, we should be led inquire whether there is any difference 
in thQ treatment of steel by those Master Mechanics that are successful in its 
use, and th« treatment of those who find it to crack. It may be that the dif- 
ferent results are due to the difference in the fuel used, or to a difference in the 
construction of the boiler. There was an article in the Railroad Gazette re- 
cently upon the use of steel in various structures, and especially in boileri^. 
I think it stated that a discussion upon such subjects had taken place in Eng- 
land, and very great fears were there expressed as to the reliability of steel 
when so used. I made a visit to England in the fall of last year, and I found 
a very great interest manifested there in respect to the use of steel in Amer- 
ica. I may say in this connection that a Master Mechanic who formerly 
held a position In this country, had been taken to England, Msd placed in 
charge of one of the largest works there, principally because he had had ex- 
perience in the use of steel for locomotive boilers. In these large steel 
works he showed me a great many boilers that were being built of steel. I 
was struck by the curious fact that they were using steel for the outside 
sheets and seemed afraid to use it for fire boxes, while we in this country use 
it principally for fire boxes, and are nervous about putting it in outside sheets. 
Many inquiries were addressed to me as to whether we found steel reliable, 
I could only speak from my own experience which was somewhat limited ; 
and I thought how useful it would be if I could refer to some discussion lie- 
fore our Convention, in which a large number of Master Mechanics had 
participated by giving their experince, for then, I might have been able to 
give valuable facts. I make these remarks, hoping that it will draw out some 
of the members who have had experience in the use of steel for a number of 
years, eo that we may learn whether any of us have been using steel success- 
fully, and have no fear of any disastrous results from its continued use. 

Mr. Bbooks, Brooks Locomotive Works — Perhaps it would be well for me 
to make a few remarks in this connection, as I commenced the use of steel for 
locomotive fireboxes in 1860. I made a visit to the Great Western Shops in 
that year, and Mr. Eaton, who then had charge, was at that time engaged in 
constructing a boiler entirely of steel. I think at that time, there had been 
no steel used this side of the lakes; in fact, I think at that time there had 
been no steel used in the United States for fire boxes. Of course I felt a lit- 
tle anxious in regard to the experiment. I wa« about to construct six loco- 
motives, and decided, after careful consideration, upon the use of steel five- 
sixteenths of an inch thick for side, back, front and crown sheets. The boiler 
was constructed I think, by Mr. Perrin of the Taunton Locomotive Works. 
We had some correspondence on the subject. My own opinion then was, that it 
would be unsafe to use it unless it was thoroughly annealed; that is, unless 
the sheet after being flanged should be put in a uniform slow wood fire, 
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brought np very slowly to a red heat, and kept there long enough to allow 
the strains that had been thrown into the sheet by the process of flanging to 
gradually assert themselves; for I believe that those strains are one of the 
principal reasons of the cracking of the sheets. One of those fire boxes that 
were constmcted in the fall of 1860 was sent to the Brooks Locomotive 
Works in 1868, when Mr. Brown had charge of the machinery department 
of the Erie Eailroad, for a new boiler, the boiler having been used contin- 
uously on very severe and heavy freight service, and the original fire box, 
ptit in in 1860, was continued I think until 1873. It had been in heavy 
freight service for twelve years, and had probably run on an average tjiirty- 
Rix thousand miles per year; I have no doubt of that, because of my own 
knowledge it has run as high as four thousand miles per month. Neither of 
those six locomotives constructed in 1860 and 1861 had their fire boxes re- 
moved until after 1870. Two of the boilers were constructed by Mr. Perrin of 
Taunton Wor4|p,and four at Paterson ; they all had fire boxes and crown sheets 
of five-sixteenths of an inch steel. After we had experimented with those en- 
gines and with many others having steel fire boxes upon the Erie Road, we 
adopted to a large extent the use of one-fourth inch steel for all the sheets 
of fire boxes, excepting the flue sheet, which was made of one-half inch 
steel. The flue sheets of the fire boxes that I referred to were also one- 
lialf inch steel instead of five-sixteenths of an inch. I think that I can 
safely assert that no road in the country has had better success in the use 
of steel fire boxes than tke Erie; and I attribute that success in a great 
degree to the fact that the sheets of the fire boxes are thoroughly annealed 
before they are riveted. The great difficulty with many in the use of steel 
arises from the fact that the sheet is put into the fire box without giving it an 
opportunity to relieve itself from the strains to which it has been subjected in 
in the operation of flanging. It takes but a moment's reflection to show that 
the operation of flanging will throw very heavy strains within the structure 
of the sheet itself; and if you confine it on its outline, and especially if you 
confine it by stay bolts, it is impossible for it to be used without cracking. 

Mr. Setchel, Little Miami Bail road — I would like to interrupt the gen- 
tleman by asking a question. He will notice that by the experience of the 
Master Mechanics, as given in their reports to the Committee, the only case^ 
•of cracking were in the side sheets; and there is no flanging in them, 
even if they were not annealed, to make the unequal strain that he 
Apeaks of. 

Mr. Brooks, Biooks Loconiotive Works — But they are punched if they 
ju>e not flanged; aod punching throws the strain around the rivet holes. 

Mr. Setchel, Little Miami Kailroad — But the cracking occurs only in 
the ceoter of the side sheets and not around the rivet holes. 

Mn BfiOOKS, Brooks Locomotive Works — The side sheets are not only 
punched, but they are rolled. They are not straight sheets, and I take it 
ih&t every manipulatioa that you put into the structure of metal has a ten- 
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dency to strain it. If jon strike a single blow upon a plate or bar, the effect 
of that blow is received within the metal; and if jou confine the effect by 
holding it at one point there is no possible chance for it to relieve itself ex- 
cept npon the point of rigid termination. In oar present method of con- 
struction of locomotives the boiler is the basic element of the whole structure, 
the foundation as it were, and therefore sustains the final reception of all 
reactionary forces. Now, as forces act in precisely equal quantities in oppo- 
site directions, the entire quantity exerted in the service of a locomotive, 
whether from concussions arising out of movement over the rails, or by the 
movement of the pistons in performing their work, reacts ; and although so 
indefinitely drawn out as to be exceedingly minute when their final reception 
within the structure of the boiler obtains, yet they are all absorbed therein 
in the shape of quivering vibrations, which in turn absolutely terminate at 
all perfectly rigid points. Thus the longitudinal laps or seams of the boiler, 
and the points where the feet of the frame braces are riveted to the boiler, 
being the points of reception and final termination for these reactionary 
forces, are the points where the sheets or plates first give way; but there 
can be no points where abrupt changes of quantities of material occur, or 
where rigid attachments of one portion of the structure of the boiler are 
made to another portion, without making such points at the same time weak, 
in the sense that they thus become terminating reception points for the reac- 
tionary forces. If you attempt to break a piece of wire you have to hold it 
80 that the movement thrown into it terminates at one single point, and im- 
mediately the effect is seen by the separation of the metal. The change in 
the structure of the metal, in my opinion, arises entirely from that cause. 
This element of movement, as you might term it, thrown into the internal 
structure of the mass must relieve itself finally at a terminating point. It 
is impossible for the force to pass a lap; it must terminate there. There is 
the point of separation, and there is no tendency to separation a short dis- 
tance from there, but directly on that line. The same result is observed in 
the fire boxes from the same cause. While, as has been remarked, this 
cracking of the boilers is mostly in the side sheets, it must be remembered 
that the side sheets unfortunately, as many of us know, are often badly used 
by deposits of sediment accumulating in the leg of the boiler. We ought to 
be ashamed of it; but it is not an unfrequent thing to find boilers with a 
lining of mud in them, which is another cause of weakness, that in itself is 
an element of movement, because the strain thrown upon the boiler by the 
difference in temperature of the iron or steel, caused by the mud, is at a point 
below the mud; and although it may not be more than half an inch thick, 
the temperature of the sheet is very different at that point from what it is 
where it is in direct contact with the water. Therefore, there is a mode of 
motion in that difference of temperature. I commenced to make these re- 
marks simply to call your attention to the fact that there had been boilers 
with steel fire boxes in use since 1860, and that they had done remarkably 
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well. I attribute the fact of their endurance to the care that was taken by the 
constructors of the boilers to carry out this idea of thoroughly annealing the 
plate, not simply heating it, but to bring it up to a heat sufficiently great to 
allow these strains time enough to diffuse themselves — twenty-four hours is 
not too long for such a thing, and the process required is not what we ordi- 
narily call annealing. I do not know that the steel used in these boilers was 
of very excellent quality. It was Charles Campbell & Co.'s imported brand, 
but it was not as good material as we are manufacturing to-day in this coun- 
try ; of that I am satisfied. What I want to say, is simply this, I believe 
that if care is taken in the first place in the construction of the fire box, to 
thoroughly anneal the plates, or to bring them up to' a sufficiently high 
temperature, and then give them time enough under that temperature to 
allow every particle of the strain that has been thrown into them by the 
manipulation of the sheets, to assert itself and be diffused throughout the 
entire sheet, you will have done all that you can to secure satisfactory results 
in the use of steel for fire boxes. 

Mr. Boon, Pittsburgh, Fort Wayne & Chicago Kailroad— I do not think 
that annealing the sheets would prevent the cracking. The side sheets are 
the ones that fail, and there is less work on them than on any of the others. 
They are perfectly straight sheets, and all the work that is done on them is 
to punch the holes for the stay-bolts and rivets. If the want of annealing 
will break them, why will not the fire-door sheet break? It is worked more 
than any other of the fire box and is flanged out very heavily, yet I have 
never heard of a single instance where a fire-door sheet has cracked. If 
mud accumulates in the water space it might do so, but where the boiler was 
perfectly clean and the water space three or three and one-half inches there 
is no instance reported where the fire-door sheet has cracked. It is the side 
sheets and no others that give trouble. I do not think that annealing will 
prevent this. The sheets at the point where the difficulty occurs are put in 
place as straight as they come from the mills and without being subjected to 
very much strain, if any. 

Mr. Sedgley, Lake Shore & Michigan Southern Railroad — For the last four 
or five years I have had some experience in the use of steel boilers, and I dif- 
fer somewhat from the gentleman of the Fort Wayne Boad as to the manner 
of handling the side sheets. When the plate comes from the rolls it is sheared 
to the right dimensions; and it is fair to suppose that in cooling, after heat- 
ing, the outside edges cool first; and, that being the case, there must be a 
strain upon the sheets. All the trouble I have had from furnaces has been 
from the side sheets, and I attribute it in a great measure to that one cause, 
that the builders do not perfectly anneal them. I would like more informa- 
tion on the subject if we can get it from those gentlemen who make these 
plates, and also from those who have built so many steel boilers within the 
last four or five years. As regards the outside of boilers, I think there is a 
question as to the quality of material that should be used. On portions of a 
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road where iron boHers have failed in three years and required patching, 
we have been rnnning steel for the last six or seven years without any ap- 
parent depreciation. Out of some three hundred steel boilers I have had 
no trouble with the outsides; but, perhaps, from five to seven per cent, of the 
steel fire boxes have cracked, more or less, and it has been almost invariably 
upon the side sheets, and in those engines that were in very heavy service* 
They cracked diagonally, commencing forward of the arch and running 
back. How to remedy this has been a very serious question with me, and 
I would be very glad to get information about it. I would like to know 
if those sheets were properly annealed before they were put in, although I 
have come to the conclusion that it is impossible to change the nature of 
steel by annealing. I think it will go back to its normal condition by 
use, but the strains may be equalized. 

Mr. Bbooks, Brooks Locomotive Works — Will you allow me to internipt 
you to correct an impression which seems to be gaining ground here. There 
2^ a distinction between annealing and the process ordinarily caUed annealing. 
I do not think it sufficient to put these sheets through this process simply 
for the purpose of softening them. There is an elasticity of structure 
thrown within the entire sheet, not only in its original manufacture, but in 
its subsequent manipulations, and that strain has got to take time to assert 
itself. It can be helped by treating the sheet to this process under tlie influ- 
ence of an elevated temperature to distribute the strain throughout the 
entire structure, and if this is properly done we may be able in a few hours 
to accomplish what otherwise would take months and even years, and under 
the old process might then result in a fracture. The idea is not to soften the 
sheet, but to allow these strains that have been thrown into it by manipulation 
to assert themselves throughout the entire structure. 

Mr. Sedgley, Lake Shore & Michigan Southern Eailroad — I would be 
very glad to hear the views of other gentlemen in regard to this subject, be- 
cause it is a matter of vital importance to us whether we can continue the 
use of steel as it is now manufactured. 

Mr. Hudson, Eogers Locomotive Works — The subject of annealing steel 
sheets has a most important bearing on this whole matter. Take, for instance, 
the side sheets that are not flanged; the punching of the holes and the ham- 
mering that takes place on the outside of the sheets tend to lengthen the 
outside and to put a strain upon the center of the sheet. Annealing restores 
the sheet so that the tension will become more uniform throughout the 
structure. When sheets are flanged, if the strain due to the flanging is left 
in them, that strain is of a tensile character on the outside of the sheet, but 
of a compressive character on the center of the sheet. Hence, if a sheet 
were to crack from that cause, it ought to crack on the outside and not in the 
center. Sheets crack because the tension is in the center. We have strained 
the outside of the sheet by punching the holes, and have not taken pains to 
relieve it afterward, and the result is a crack, because of the effort of the 
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sheet to equalize these strains. If sheets are properly annealed after being 
punched, somewhat of this strain is removed. But I apprehend, as Mr. 
Brooks sajs, that sheets are liable to have these strains produced in them by 
the treatment they get in the locomotive. For instance, when mud accumu- 
lates in the bottom of the fire box we all know that the efiect is to prevent 
a uniform temperature throughout the sheet, and whenever a portion of a 
sheet contains a higher temperature than another portion a strain must be 
the result. For instance, if we heat the center of a sheet more than the 
outside, the sheet can not yield sidewise because it is tied at the outside by 
stay bolts. The result is that the fibers of the sheet are pressed together so 
that the sheet becomes actually shorter in the center when the high temper- 
ature is removed. The consequence is, when the sheet cools down there la 
a tensile strain in the center of the sheet, and if this is repeated often the 
sheet is caused to crack. It is not a wonder to me that sheets crack, know- 
ing as I do what kind of treatment they sometimes get. I am sorry to 
make this remark, because it is not very complimentary; but I have been 
on railroad lines and had charge of locomotives, and I know that we can 
not always prevent their abuse. I have seen mud more than a foot deep in 
a boiler. It ought not to be there, but is frequently allowed to accumulate 
from various causes. I have known this to occur on railroads that were 
short of power. They bring an engine into the shop, blow it off, and with- 
out waiting for the boiler to cool water is put in as rapidly as possible, and 
they are again sent out. If steam gets up without cracking the sheet it is 
all very well, but if it does not then the cry is ^'bad steel." I think this is 
bad treatment rather than bad steel. I do not know of any material that 
will stand that kind of abuse indefinitely. I have no doubt that on some 
roads locomotives get a great deal more such treatment than on others. I 
know that sheets crack from bad usage sometimes rather than from bad 
steel, because I have t^ted pieces of sheets that have cracked in every pos- 
sible way, and have found that the material was good ; and so far as any body 
could judge, was as good as it ever was, and just as good material as. you 
could put into a locomotive, and yet it cracked. How shall we account for 
this cracking? I go upon facts, because an accurate knowledge of what 
really takes place is what we all want to get. We must know the precise 
nature of the disease before we can apply the remedy. 

Mr. Per&ik, Taunton Locomotive Works — ^I very well remember the 
circumstance referred to by Mr. Brooks, and I know that we took extra 
pains to anneal those flanged sheets — a course we have adopted from that 
time to this. We have regarded it as an important point to take the strains 
from the sheets, since we believe that every sheet that is rolled is strained in 
different parts as it goes through the rolls; and it is necessary, as far as 
possible, to take out that strain by placing it in a furnace and heating it 
evenly, and letting it remain there until it cools off. This will reduce the 
strain. I think that, perhaps, the thickness of the steel has something to do 



29 

with its tendency to crack. We are apt to use both iron and steel of too great 
thickness in boilers. A thinner steel gives a more even expansion from one , 
side to the other, especially if it is covered with mud on one side, with no 
chance to get the water to it. The thicker the steel the more diJOferenoe there 
is in the expansion of the two sides. I remember in former times that we 
commenced the use of one-fourth inch iron for the oiitside sheets of boilers. 
We never heard any complaint of them, and I do not know how they stood. 
Then for a long time we used five-sixteenths inch for fire boxes. With steel 
we have almost invariably used one-fourth inch for side and back sheets, 
seven-sixteenths for flue sheet, and five-sixteenths for the crown sheets. We 
have had very good success in the use of steel, and I attribute it to annealing 
the plates after being fianged. I do not recall an instance of having sheets 
crack after being thus treated. 

Mr. Bbooks, Brooks Locomotive Works — I would like to call upon Mr. 
Sedgley for further information on this question. He has seventeen locomo- 
tives constructed by us, the fire boxes of which are of one-fourth inch plate, 
with the exception of the flue sheet, which is one-half inch ; the grates are 
sixty-two by thirty-five inches, and the cylinders sixteen by twenty-four 
inches. He uses a brick arch, which is certainly an extra strain upon the 
side sheets. I would like to have him state to the Convention the efiect of 
the use of that, as compared with thicker steel that he has in service. 

Mr. Sedgley, Lake Shore & Michigan Southern Railroad — I will cheer- 
fully answer Mr. Brooks' inquiry, as far as I am able. None of the fire 
boxes of the engines that he built for our road in 1871 have cracked. They 
were, however, all freight engines, and we have had very little trouble with 
freight engines; but I think that, instead of those being sixty two inch 
grates, they were sixty-six inches. 

Mr. Brooks, Brooks Locomotive Works — The first three were sixty-two 
inches, and the others sixty-six inches. 

Mr. Sedglet, Lake Shore & Michigan Southern Bailroad — We have had 
no trouble with them at all. They have given us unifornjly good results. 
We have also had a large number of engines having steel fire boxes built by 
other companies, and we have had no trouble with them on freight trains. 
Our trouble has been with heavy passenger engines, engines that we have 
forced to their utmost capacity. Those who travel upon our road kuow that 
some of the trains are very heavy. On a number of our engines we carry 
one hundred and forty pounds pressure in order to do the work. We carry 
one hundred and forty pounds pressure on boilers that are three or four 
years old. These are made entirely of steel, and they show no signs of 
depreciation. I am, therefore, led to believe that steel is much preferable 
to iron for even the outside of boilers. The outside sheets of the boilers I 
refer to are made of five-sixteenhs inch steel. 

Mr. Fbt, Philadelphia & Erie Bailroad-^The latest number of the Bailroad 
Gaaette has just been handed to me, and if not out of order, I would like to read 
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a paragraph from a discussion on this 8ul:!Ject of annealing steel sheets: 
*^ During the discussion it was also stated by Mr. Bessemer that, in punciiing 
a hole in a rigid material like steel, the grain of the metal in the neighbor- 
hood of that hole is very much disturbed and greatly distressed; and I am 
told that plates lose in strength in punching about one-third, and that, on 
annealing, the whole of that one-third is restored.'' I thought it might be 
interesting to the members to know the opinion of scientific men upon this 
subject. I imagine that we are essentially a practical institution. I think 
it is of great importance to ourselves, and will be looked upon as of great 
importance by scientific men, not only throughout this country, but also in 
Europe, if we can give the practical results attained by members of this 
Association in the use of steel. Two of our members have already stated 
their experience. I wish that Mr. Sedgley would state his more accurately. 
He thinks that four or five per cent, of his fire boxes fail before they ought 
to in consequence of the cracking of the material. X wish he would state 
exactly the proportion. Another Master Mechanic has stated that, of 
eighteen boilers made of steel, none have failed. If we could have the ex- 
perience of all the members who have tried it, it would be of great import- 
ance. I would like, not merely the scientific reasons for using steel, but 
the practical efiect of its use. No institution in the world, in my opinion, is 
so able to settle this question satislactorily. 

Mr. Hudson, Kogers Locomotive Works — It is very evident that the size 
of the sheet has a good deal to do with its liability to crack, and this liabiliiy 
seems confined almost entirely to the side sheets. We have very little com- 
plaint of the crown sheets or the part below the tubes cracking. Those are 
flanged, and are subject to all the strains that the other sheets are, excepting 
those that result from the difference in size. The larger the sheet is, the 
edges being held rigidly and the center made hot, the greater is its tendency 
to crack, because a greater compressive strain is brought into the material 
when it is heated, and a tensile strain when it cools off. I think that cor- 
rugating the sheets in some manner between the stay bolts, and allowing 
them to accommodate themselves to the various strains, either tensile or 
compressive, would tend in a great measure to prevent the cracking. 

Mr. Setchel, Little Miami Bailroad — To me this is more important and 
more interesting than all the subjects that we have before the Convention lor 
consideration. The boiler is tlie foundation of the locomotive, and it is 
essential that it should be made of the very best material. I have looked 
over this matter oi boilers and boiler materials, and have heard the discus- 
sions on it from the first to the last. In 1868, in a Convention held at Pitts- 
burgh, we had the first report on boilers, which was made by Mr. Hayes, of 
the Illinois Central Koad ; Mr. Anderson, who was then of the Chicago & 
North-wtstern ; and Mr. Jauriette, of the Chicago, Burlington & Quincy 
Boad — members who were, perhaps, managing longer lines of road than any 
other three members of the Convention at that time. The Committee com- 
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menced the report by saying that they had, by proxy or otherwise, visited 
most of the leading roads in the United States, and had obtained very largely 
the result of the experience of the Master Mechanics in regard to the best 
material for fire boxes and boilers. They must have gathered from that the 
fact that there was a necessity for a change from what was previously used, 
or what was being used at that time, as they strongly and unhesitatingly 
recommended the use of steel for fire boxes, especially for coal-burning loco- 
motives. There was no discussion upon that report. I believe there was 
not a single remark made, except the motion to receive it. On the second * 
report there was some discussion. Mr. Anderson, of. the Chicago & North- 
western, remarked, in substance, that we must have some better material for 
fire boxes; that copper was a failure; and that he had about thirty engines, 
the fire boxts of which must be renewed that year, whose average life had 
been less than three years. So you see that, at this time, there was a great 
necessity for a change in the material used; and the Committee recom- 
mended, as before, the use of steel, but incidentally remarked that the only 
objection there could be to its use was that it sometimea cracked — a propensity 
that has been steadily developing since that time. At the time of the third 
report the Committee had, by circulars, been making inquiries throughout 
the country, and the fact was developed that a great many steel sheets had 
cracked. The following year there was a report on that subject, and we find 
that a large number of Master Mechanics gave it as their experience that 
steel sheets, as then manufactured, were too hard, and would crack. Mr. 
Hayes, in the course of his remarks in the discussion on this subject, stated 
that he was not using, and could not use, steel for crown sheets; and it was 
remarked by Mr. Eddy, from the Boston & Albany Boad, that he did not 
use steel sheets at all, and that his friend Mr. Hayes (you will all remember 
the remark) was beating about the bush, and that he was gradually going 
back to the use of iron for fire boxes ; that he had got the crown sheets of 
iron ; by and by he would have the flue sheets, and after awhile he would 
have all iron. Mr. Hayes answered that it was impossible for him to use 
steel for crown sheets on the road that he represented. So we see that there 
is a diflerence of opinion as to the practicability of using steel, at least in 
certain localities, while it may be used with advantage in others — and so 
ihis matter has gone on from year to year. We find that the report 
ut the Committee this year, shows very conclusively that a very large number 
of steel sheets are failing all over the country. Now the question is, is steel 
the proper material for fire boxes? It seems to me that the only practical 
way to get a solution of this question, is to secure the experience of every 
member as to its durability. I believe, if we could get the experience of 
every member in this Convention representing a railroad, that we would ob- 
tain more real information, and be able to form a better judgment than we 
can by relying on our own experience. I will give my experience on both 
sides of the question, and in turn would like to hear from every other mem- 
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ber present. We have two engines with iron fire boxes on oar road tlui 
have been in constant service since 1860; they are now in good condition 
with no fracture aboat them. During seven years of that time these engineit 
have been burning coal. We have another engine with an iron fire box thai 
has been running seven years. It has run forty-two months with coal, and 
in that time has run one hundred and forty-nine thousand eight hundred and 
fourteen miles, or an average of one hundred and fourteen miles for every 
day of that time, Sundays included, and that on very hard service with hard 
water. These are arguments in favor of iron, but I am not going to say on 
that account, that we must use iron entirely. Then, on the other hand, we 
have engines with steel fire boxes, burning coal, that have been in use seven 
or eight years, and are still in good condition. I should say, however, that 
they have been burning coal only five or six years of that time, and that they 
burned wood during the first two years; which fact, in my experience, has 
made a very marked difierence in the durability of fire boxes. In all casen 
where we have burned wood during the first year or two in engines before 
commencing to use coal we have had no trouble with the plates cracking; 
and the same fact holds good with iron fire boxes. I have here a piece of 
steel taken out of a fire box after it hiid run twenty-five thousand eight hun- 
dred and sixty-four miles, which cracked while standing in the engine house 
after it had been there thirty-six hours. I can assure you that there was not 
a particle of mud in the water space. We wash out our engines every week, 
through rear and back of the fire box, taking out the washout plugs placed 
there for that purpose; and through the front end of boiler every two 
weeks. We do this without exception. This engine that I refer to had 
been standing in the round house thirty-six hours and had become com- 
paratively cool, and the side sheet cracked just after the fire had been 
put in, but before any steam was raised. Here is a sample of the plate 
alter being heated to a red heat, then plunged in water, and then 
doubled down. I have here another piece of the same sheet just as 
it came from the box; that broke with a light tap of a hand hammer over 
an anvil. Some gentlemen will say that the steel was too hard, and that wao 
the cause of the fracture. It is quite easy to say this, but to prove it is an- 
other thing, as I will show you by exhibiting a specimen that is soft and 
ductile, taken from another box, that cracked while the engine was standing 
in the house, after it had made a total mileage of seventy-four thousand 
four hundred and seventy-four. This piece was cut from the sheet in the same 
condition as when uken from the box, and bent down cold. If you can find 
a piece of better steel than this apparently is, I would be glad to see it. 
The crack in this last case began just above the fire and ran up, and, as has 
been remarked by the Committee, did not follow a straight line, but ran acroas 
from one stay bolt to another, and a little back of the center of the box. So 
we see that the soft steel cracks as well as the hard. I do not ofier any 
theory, but simply state the facts in my experience, and if I were to rely en- 
tirely on that I would hardly know which to choose —iron or steel. Our 
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iron fire boxes have run the greateRt number of miles with coal, but I am led to 
believe that these are exceptions, and that generally 8|^1 is the best material 
for fire boxes. But I want to hear the experience of ot&|lBatembers of the As- 
sociation, to see if I am justified in coming to this oiiiilusion. Something 
has been said about the undue strain that is put upon sheets by not properly 
annealing them. I do not think it can be shown that there is any undue 
strain in the side sheets that should cause them to crack ; for, as Mr. HudBon 
has said, the outer edges of the plate cool first, and the strain on the sheet 
would be in and not out; whereas, the sheets when they give way seem to be 
too short instead of too long; and there is very little strain put upon the 
sheet in the process of manufacturing the fire box ; the stay bolt holes are 
drilled and the sheets that give all the trouble, many times, are neither 
punched, flanged nor rolled, and it would seem strange, to say the least, that 
these sheets crack from undue strain, when the door, flue, and crown sheets, 
which are flanged and heavily worked, do not. 

Mr. Hudson, Rogers' Locomotive Works — I would like to correct an 
erroneous impression that Mr. Setchel has obtained from what I said. I 
did not mean to say that the side sheets were under compression rather than 
tension. I meant to say that the work of punching and riveting the side 
sheets has a tendency to pull them apart in the center; whereas, in the 
sheets that are flanged the strain is of an opposite character. Mr. Setchel 
stated that the side sheets were carefully annealed. I would like to ask if 
that annealing was done after the punching of the side sheets, and whether 
the stay bolts were punched or drilled? 

Mr. Setchel, Little Miami Bailroad — I did understand Mr. Hudson 
to say so, but whether he said it or not, that is the fact in the case as I 
understand it. If there is any difierence in the length caused by the cool- 
ing of the sheets in manufacturing, they are longer inside. The sheetci in 
use are heated in the center, and they become longer, and have a tendency 
to full up in cooling. When they crack we find that they are short in the 
center, and, as the Committee stated, the cracks invariably open, which 
shows that the sheets are too short in the center. Those fire boxes that I 
have referred to were of our own manufacture. We drill all the stay bolt 
holes, and the sheets are carefully annealed over a slow wood fire before 
placing them in the box. 

Mr. Sellers, Philadelphia — There has been a great deal said about the 
use of steel, but I have heard very little about the quality of the steel used. 
Steel difiers very much in quality when made by difierent processes. I 
might say for the benefit of the members present who may not be aware of 
the fact, that there are three types of steel. The earliest form is that made 
in crucibles; another form is the Bessemer; and the other is the Seiman- 
Martin steel. The process used in making the last variety seems to be the 
one that is likely to produce the most uniform and satisfactory results for 
boiler purpoaea, because in that definite quaniUies of materials are used which 
o 
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have been carefully analyzed and found to contain certain ingredients which 
are known to be the iM^redients^f the beflt quality of steel; as, for instance, 
definite quantities ottprbon, magnesia, and phosphorous. A mixture can be 
made and kept at i^ltertain temperature, for a certain length of time, in a 
large bulk, and, when reduced to platen, be known to have the required 
quantity of carbon in it. One of the specimens of steel shown to us by Mr. 
Setchel seems to contain a very small amount of carbon, but we can not teli 
anything about that without analysis. If the plates that have cracked 
siiould be submitted to an analysis to determine what the quality of steel 
was, then we could see whether it was the quality of the material that in- . 
diiced the plate to crack, or whether it was the form of the boiler. It seems 
to me that the sides of the boiler is a part of the frame that supports the 
engine, and that from their position and structure they are made to receive 
a strain that the end sheets of the boiler are not subjected to, and that for 
this reason they are liable to crack. The side sheets of the boiler are sub- 
mitted all the time to this strain, which ultimately produces a change in the 
nature of the metal. I think, therefore, that the form of the boiler has 
much to do with the tendency to break. I just asked a gentleman whether 
iron sheets put in the same place and submitted to the same strain break, and 
he states that they do. It may be, therefore, that it is the form of the 
boiler rather than the material of which the sheets are composed, which 
increases the tendency to crack. Not many years ago, when the world was 
greatly excited about the introduction of steel, certain ships were built on 
the Clyde and sent out. The supposition was that steel being so much 
stronger than iron, could be used much thinner in the construction of 
siiips. What was the result? They put steel in these ships, using much 
thinner plates than they had been formerly making of iron, and the result 
was that these ships were nothing in the world but man traps. They all 
went down or broke to pieces. In a locomotive the thinness of the sheet 
may have to be considered with reference to the rivet holes and the strain 
that the sheets are submitted to. Some portions of the boiler may require 
to be thinner than others, when submitted to greater side strains ; and, as I 
have suggested, the boiler must be so constructed as to support the increase 
of weight given to it because of the peculiar construction of the engine. 
And if you take away the boiler from the locomotive, the frame is nothing 
at all. ..The frame is added to the boiler to make a certain structure, which 
is called a locomotive. This structure has a certain rigidity and a certain 
flexibility ; and, therefore, the strain in boilers always differs with the form 
of the structure of the boiler. My friend, Mr. Brooks, has said a good deal 
about annealing, but I think there has been a misunderstanding of the opin- 
ion he desired to express. I do not think that he meant to say that the 
object to be accomplished was to submit the steel to the annealing process ; 
if he had said that it should be submitted to a slow cooling process, he would 
have come nearer to the fact. It was ascertained years ago that glass could 
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be made tough by a slow cooling process. That was called annealing the 
glass, bat it was not the correct term. Annealing does not soften the glass, 
for the glass is as hard aft^r the annealing process as it was before; but it 
has the strain taken out of it by allowing it cool down as slowly as possible 
from a high temperature. We consider glass very brittle, yet there are tra- 
ditions of a flexible glass — of a glass that could be bent; and it seems almost 
as if that lost art were being found in this process of slow cooling. In Eu- 
rope glass is now made pliable by being heated to a red heat, then plunged 
in oil and slowly cooled. The result is such a difiference in the glass that, 
while that which has not been submitted to this process will break from the 
mere dropping of a small bullet upon it, a piece of glass which has been so 
treated is made so tough that it will not break, even though a heavy bullet 
be let fall upon it from a distance of sixteen feet or more. This is true of 
glass, and it may be true of steel that a difference in the method of cooling 
it will enable it to better withstand wi^atever strain it may be put to. 

Mr. Hudson, Rogers Locomotive Works — A week or so ago we had a let- 
ter from a Master Mechanic of the Pennsylvania Railway, inquiring of what 
metal the fire box of a certain locomotive, built at our works twenty years 
ago, was made. On looking the matter up we found that it was made of 
Low Moor Iron. They informed us that the same box was still in use and 
in very good condition. I also had a letter a short time ugo from Mr. Gra- 
ham, Master Mechanic of a railroad in Cuba, who stated that he had two 
locomotives having iron fire boxes that had been in constant use for eighteen 
years and were yet in serviceable condition, although one of them had several 
patches on it As to the quality of the steel best to be used, I would like to 
inquire how we shall know when we have got the right quality. I think 
that is a yery important question. I would state that we are constructing 
some locomotive boilers entirely of steel, the plates of which have been 
thoroughly tested and stamped. The tests are confined to tensile strain of 
sixty-five thousand to seventy thousand pounds. We are not to take any 
sheets which do not bear that strain. I find the material works remarkably 
well, and, as far as I can judge, I think it will make a very durable boiler, 
but that remains to be seen. 

Mr. Bbooks, Brooks Locomotive Works — I would like to make a motion 
that each Master Mechanic here present be requested daring the next year, 
if from any cause they shall have steel sheets crack in fire boxes, to preserve 
a portion of the sheet as a sample of the steel, and carefully mark upon it 
all the data that may be of use, such as the service of the engine, the fuel 
used, the time in use, etc, and that they bring such samples to our next 
Convention, and that the samples be then submitted to a special committee 
appointed to test them. The whole subject may then be carefully investi- 
gated in connection with those samples. We could have them analyzed, as 
Mr. Sellers has suggested. In this way, doubtless, some definite and valua- 
ble information can be gathered in regard to the use of steel. 
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The President — Do you raake that as a motion ? 

Mr. Brooks, Brooks Locomotive Works — I do make that as a motion. 

Mr. Fry, Philadelphia & Erie Bailroad — Before seconding Mr. Brooks' 
motion, I would like to ask him to add, that the Master Mechanics give the 
average life of their fire boxes, for I think it is important that we should 
know this. 

Mr. Brooks, Brooks Locomotive Works — Mj object was simply to bring 
this subject before the Convention and manufacturers of steel, There are 
other parties who are interested in this matter, and would be benefited by 
our experience just as much as the locomotive builders and Master Me- 
chanics. 

The President — It has been moved and seconded that each Master Me- 
chanic of this Association take due notice of all fractures and cracks in fire 
boxes occurring within the next year, cut out pieces from the plates which 
crack, and carefully mark thereon all that may be interesting^ as the life of 
the fire box, the kind of fuel used, etc., and bring the specimens to the next 
meeting of the Convention. Are you ready for the question? 

Mr. Setchel, Little Miami Bailroad — I am very glad that that motion 
has been made. I brought these specimens, and I was in hopes that there 
would be more samples here of the same kind. I would suggest that in cut- 
ting out the piece a portion be cut parallel and next to the crack. 

Mr. Osborne, Grant Locomotive Works — Do you think thai that would 
show where the disease is ? 

Mr. Setchel, Little Miami Bailroad — That is the idea exactly. In the 
manufacture of fire boxes we have adopted this practice: We cut ofi* a piece 
of steel about two inches wide, just as it comes from the manufacturers, and 
double down one end of it cold ; then we heat the other end and plunge it in 
wnter and double that down. If the steel hardens so as to break we do not 
use it; but we have not had any so hard as that yet. ' We put a label on the 
piece, with the number of the engine in which it is used and Jay it away, so 
that we have a specimen of the steel as it came from the manufacturer, bent 
both hot and cold. Then, if that sheet cracks, we cut a piece from the 
cracked sheet, and thus have a specimen of the steel, both before and after 
it has been in service. If this course were universally adopted and the 
specimens analyzed, we would then be able to decide what particular com- 
position of steel is most liable to crack, and manufacturers would be able 
to determine just what quality of steel is best adapted for fire boxes. 

Mr. CoiiEMAN Sellers, of Philadelphia — I want to say a word more in 
regard to the quality of steel. I am anxious to have some action taken by 
this Convention in regard to it, if possible. Some time ago there was some 
Ateel failed, which I had occasion to take an interest in, and which had been 
made by a manufacturer whose steel heretofore had always been reliable. I 
saw the maker and asked him if he could tell me how much carbon there 
wtui in that steel. He said he could not, but that it was exactly the same 
nai^Eture that he had used for a number of years, and he expressed great sur- 
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prise that the steel had failed, becauHe the mixture was a good one. I 
pressed him for an opinion as to the amount of carbon used, and he could 
not tell exactly, but thought it was one-half of one per cent. Here was a 
large establishment, manufacturing a great quantity of steel, yet not know- 
ing the proportions of the mixture used. Another maker analyzes all the 
material that he puts into the steel, and can tell you exactly what it is — 
whether it contains one-fourth of one per cent, of carbon or more. I would 
like to have the steel makers themselves investigate this matter. Such an 
investigation as is proposed will do them as much good as it will us. We 
need some definite knowledge of what the thing is that we are putting into 
onr boilers and calling steel. 

Mr. CAflCADDiN, Chicago, Rock Island & Pacific Railroad— Had I not 
supposed my General Master Mechanic would be here to give the important 
data that he has collected, I should have come better prepared to make some 
remarks on this subject myself. He has kept watch of this matter, and the 
Division Master Mechanics have made reports to him, which he has com- 
piled, and I fully expected that he would be here to give the experience of 
our road, and did not learn that he would be absent until I came through 
Chicago on my way here. 

The resolution of Mr. Brooks was then adopted. 

Mr. Robinson, Great Western Railroad — I would like to answer one or 
two questions that have been put before the Convention, and I will reply 
first to the inquiry of Mr. Brooks. He referred to some engines that were 
built for the Great Western Railway in 1860. There were five engines built 
for the road in that year. The boilers of these engines were not made of 
steel as we call it now, but it was what was called at that time semi-steel, or 
a homogeneous metal, and that is one reason why these boilers did so well. 
It was one of the first trials of this metal, and therefore it was prepared very 
carefully. We wrote to England for it, and told the manufacturers that it 
was an experiment and a great deal depended upon the results. Those 
boilers were in successful use for thirteen years, and they were then removed 
simply in consequence of a change of gauge in the railway. Two of the 
boilers were sold to some other line and were used for a short time, and two 
are now in use in the car works as stationary boilers, where I presume they 
will be used for ten or twelve years longer. The metal used in those boilers 
has certainly given good satisfaction. 

Mr. Brooks, Brooks Locomotive Works — Will you state whose homo- 
geneous metal that was? 

Mr. RoBiKSON, Great Western Railroad— I think it was Campbeirs, of 
Sheffield. I would like to say a few words on the subject of fractures in fire 
boxes. There is an argument which does not hold good at all times, but 
still may be pertinent in this connection. It is rather an absurd one and 
may be used in two ways. It is said that "the early bird catches the worm," 
and of course the counter argument is that if the worm had not been there 
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80 early be would not have been caught. Now, there are a great many things 
that hinge upon an argument of that kind, and I refer to it to show more 
particularly what I mean in the remarks that I may make. We take a 
number of fire boxes, and on examination we find that a crack or fracture 
takes place in one of them. Now, if the same cause of fracture existed in all 
the fire boxes, we would have reason to suppose, by argument, that all of the 
fire boxes would crack in a similar way and in the same place. We do not, 
however, find that to be the fact. Only a small percentage of these fire 
boxes crack at all. If it is only a percentage that cracks, then there must be 
some cause existing in that percentage that does not exist in the others that 
do not crack. It is, therefore, our duty to find out what is the cause of the 
cracking, and to ascertain what facts exist in the minority of instances that 
do not exist in the majority. Having found these causes, then our business 
as good Master Mechanics is to remove them. For that reason I am pleased 
to see that we are placing more importance than heretofore upon this sub- 
ject. In regard to strains on the metal, I think the argument has been 
made, and it is a very pertinent one, that there are a great many strains on 
iron and steel which we have not considered this morning. Mr. Brooks has 
mentioned that we can not give any piece of metal a blow without causing 
some injury to it. If we have a bar of iron that is straight, and we want to 
make it slightly curved, or one that is curved and we want to make it straight, 
we know that, if we strike it with few blows on one side only, the metal 
will expand on that side and become longer on its surface than on the 
other. The consequence is that there is a greater extent of expansion of the 
particles on one side than there is on the other, and so the iron becomes 
curved in that part. We will suppose t)iat it takes a thousand blows to give 
a bar of iron a certain curve, or to produce in it a strain that will cause it to 
break, then each blow is one-thousandth part of that strain. On this prin- 
ciple I contend that every unnecessary blow imparted to a boiler plate by 
the boiler maker is an unnecessary injury. For that reason I think we have 
one cause of the partial failure in the attempt to use steel in boiler making. 
When the time comes for us to make steel boilers without any extra blows 
whatever upon the metal, then I think we will cease to have many of the 
difficulties that we are now encountering. There is one strain that has not 
yet been mentioned to which fiat plates are subjected. Members have 
expressed surprise that flat plates crack when the curved plates do not, but 
there is no reason for surprise at this. In a plate that has a curve in it 
there is a direction for every strain that is imparted to it to exert itself. It 
will go in the direction of the curve and will thereby relieve itself. We 
know that in using the delivery pipe of pumps, or any pipe in which a 
strain exists, if they are curved in one direction, the throb or vibration 
which takes place will be less injurious to the pipe than it would if the 
pipe were straight. In straight pipes the joint will often give way or the 
pipe burst, because there is no opportunity for the strain to distribute 
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itself and die away. For that reason I am not surprised at all that flat 
plates fracture. It has been said that the manufacturers are very careful in 
annealing their plates after the punching and drilling, yet I fancy that by 
annealing they do not succeed in distributing over the whole plate the 
unnecessary blows of the hammer that are often given it. The time will 
come when we shall avoid all these extra blows on the metal when we make 
boilers of steel. I think that the stay-bolt holes are another great cause of 
fracture. Although there may be some fractures that do not take place 
there, yet in the majority of cases I think they are the starting points of the 
fracture. It may be said that they start from the bottom, but we know very 
well that the boiler makers in caulking the boilers will give the plate a 
great many blows at the bottom on the caulking edge. We do not watch 
every blow that is given there, and some very unfair blows may be dealt, 
starting a fracture, perhaps, where a strain already exists. Until we know 
what injury has been done to a plate, we are not in a position to say what is 
the cause of any after failure. For that reason it behooves us as Master 
Mechanics to give more attention to the manufacture of boilers than we 
have done heretofore. It has usually been the practice of locomotive con- 
structors to bestow a large amount of attention upon the valve gear and 
upon the general appurtenances of the engine, but not so much attention 
has been bestowed upon the boiler as is required. Master Mechanics must 
pay more attention to the boiler sheets; they must take a piece of each 
plate that is used and place it in their museum, properly marked, so that 
when a fracture takes place they can tell what started it, and by this con- 
stant watching we shall be able to gain some m»re definite information than 
we now have. Another point has been mentioned, and was first referred to 
by our worthy President in his opening address. He said it had been 
remarked that we have not yet arrived at any fixed conclusions. Whoever 
made such a remark was not a scientific man, or not sufficiently scientific to 
know that the more a man knows the better he is able to appreciate how 
much more he has yet to learn. We shall find, each year as we come 
together, that there is more and more information to be ascertained by our 
experiments and observations. It is a most curious fact that, though the 
most scientific men may study and study over any given subject, yet they 
must learn from actual experience a great many of the important details of 
their professions. Some of the things that we had thought established 
beyond a doubt are upset by some new developments of art or science. Who 
would have presumed to say that the engineers who constructed the first 
railway were unwise in placing the rails upon stone ties? It was thought to 
be one of the most magnificent inventions ever made. They thought that 
they had a foundation for a railway that would last a hundred years. No 
one can deny that the projectors of that enterprise were scientific men for 
those times, but it was not many months before they found out that they had 
made a grand mistake, for the whole structure had to be taken up and 
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replaced by the wooden ties that we use to-day. They foand that they had 
made an egregious error; we must be careful that we do not make a similar 
error. We are to profit by the experience of the past as well as by our 
own researches. We must in this matter be honest with ourselves, with our 
companies with which we are connected, and with the public. There is so 
much to be learned that we must be careful in announcing the results of our 
investigations. For instance, the report on boilers, referring to the use of 
brass, iron, and copper tubes, says that where the water is bad iron tubes are 
found to be the best. On our Western Railway we have about fifty locomo- 
tives which are furnished with iron tubes. We soon found that they would 
not answer the purpose, and they are now being replaced with tubes of brass 
or composition metal. The reason for the change is this : the water is bad, 
peculiarly so (it is principally from Lake Ontario), and has a strong affinity 
for iron ; and before the engines have run a year the iron tubes will become 
incrusted with a scale so hard that we can scarcely remove it. We find that 
brass tubes do not collect this sediment so rapidly, and it can be more easily 
removed from them, after running two or three years, than from iron tubes 
after running a single year. You will probably not find this to be the 
case on other roads. That is one fact showing that we can not apply the 
same medicine to the same disease in all localities. I think, with Mr. Sel- 
lers, that a great deal depends upon the quality of the metal used ; but, even 
if we should succeed in getting just the same quality in all our boilers, we 
would still have different results, because in some cases there would not be 
perfect workmanship. Mr. Setchel has shown us a piece of metal from a 
boiler which was broken with the tap of a hammer. There was a very 
good reason, we siiy, for that boiler to give way — the steel was too hard. I 
think that we must have a metal which shall be of a low, sofl grade, so that, 
after eight or ten years' wear its nature will still be such that it may be 
bent while cold without breaking. I quite agree with the remarks made 
about annealing; I do not think annealing is the proper word. It is a well- 
known fact that if you put turpentine on a boil when it commences to come 
out upon the body, the turpentine will scatter it, and you will probably feel 
nothing more of it. It does not take the boil away, but it scatters it, and I 
think that the same thing is done in annealing. You have a strain in a 
boiler plate, but by the process of annealing that strain is diffused through 
th^ entire plate instead of being confined to one part of it; in other words, 
the strains are equalized, but I do not think the nature of the metul is 
changed. My experience in the use of steel boilers has been asked for. We 
have over two hundred boilers with iron shells and steel fire boxes, and I 
think only one has cracked out of the number that has been running three 
or four years; thirty of them are using coal, the others wood. For my own 
part I honestly and candidly recommend the use of steel ; but it should be 
goody and the boiler should be constructed in the beat possible manner. If 
that is done I would prefer the steel to any other metal I have ever used for 
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that purpose. In the outside sheets I think it is immaterial whether steel or 
iron is used. After awhile we shall have some definite means for testing 
steel and iron, so that we may be sure we are purchasing a reliable metal. 
I will not detain you with further remarks upon this subject, except fo 
express my thanks for your attention and the information given by other 
members. If we carry out the resolution that has just been adopted, and' 
endeavor to bring in the results of our observations at the next Convention, 
we will have a much more reliable basis for judgment then than we have 
now. I am sorry to say that we do not pull together in the way that we 
ought in respect to answering the circulars sent out by the various commit- 
tees. The committees have a very laborious work to perform, and each 
Master Mechanic should be prompt to aid them to the full extent of his abil- 
ity. Perhaps there might be some improvement in the form of the questions ; 
they might be put more pointedly, so as to elicit the specific information 
desired. If we all do our duty in this respect we will gain much valuable 
information during the coming year. 

Mr. Forney, Eailroad Gazette — I think that every member here will 
agree that in building boilers we should only use steel of good quality ; and 
we would all be extremely grateful to Mr. Bobinson if he could tell us how 
to determine whether steel is of good quality. That is exactly what we are 
after, and probably what we want more than any thing else. I hope, there- 
fore, that he will enlighten us as to the means by which we can determine 
the quality of steel. 

Mr. EoBiNSON, Great Western Bailroad — I shall probably be able to give 
Jon an answer at some future time. There are certain tests by tension and 
by bending which are sufficiently accurate to give us a tolerably correct idea 
of the quality of steel ; and there are some steels now in the market which 
are giving very satisfactory results, the composition of which we shall know 
more about by and by. I very much doubt if the steel which Mr. Setchel 
Bhowed us was properly tested before it was used. As mechanics we can try 
the bending process and the tensile process of testing the quality, and when 
we become better educated in metallurgy we will then know more about it. 
Bat at present we must rely, to a great extent, upon the credit and repre- 
sentations of those to whom we entrust the manufacture of steel. 

Mr. Setchel, Little Miami Bailroad — This steel was tested, and the sam- 
ple of the original corresponded as nearly to the sample I have produced, 
after annealing, as you can imagine. You could see no difference. This 
piece is just as it was taken out of the fire box ; you can see the scale on it 
now. It broke easily when tapped with the hammer over an anvil. The 
other piece was heated to a red heat and placed in coal ashes, and when cool 
bent down as you see it. To all appearance it is as good steel as you would 
wifth to have in a fire box. 

Mr. Bobinson, Great Western Bailroad — Can you vouch that the very 
plate, from which that piece was broken, was ever tested ? 



Mr. Setchel, Little Miami Railroad— Yes sir. It is a piece of the sam^ 
plate tested as I have before described. A record and sample is kept o^ 
each sheet, and the sample is tested and marked as being a piece of the sid^ 
sheet, for instance, of Engine No. 225, and is laid away in the museum—^ 
plan which the gentleman has spoken of and recommended to the Con — 
vention. 

Mr. BoBiNSON, Great Western Bailroad — ^That shows that the plate, whicta> 
was perfectly fibrous or sufficiently so to be able to bend cold when first pat:^ 
in the boiler, became like cast iron after a certain number of years of use. 

Mr. Setchel, Little Miami Bailroad — This had been in use only about^^ 
eleven months, and had only run about twenty-five thousand miles. 

Mr. Fby, Philadelphia & Erie Bailroad — It seems to be a curious fact in 
connection with this specimen that the steel, before it was put in the boiler 
and after it was heated and cooled off in water, could be bent cold, thus 
showing that it had none of the qualities which we expect to find in cast 
steel ; but after running a few thousand miles it seemed to turn back to cast 
steel. It was then perfectly hard, but could be softened by annealing in the 
usual way. That seems to me a very curious fact. 

Mr. Forney, Bailroad Gazette — ^We have learned one fact— that the test 
which Mr. Setchel applied was of no use. He obtained no reliable informa- 
tion from his method of testing. Mr. Hudson has stated that in his opinion 
the best test was to take steel of a very low tensile strength ; but we find it 
impossible to get steel of that character with high carbon in it. I think that 
if the members could give us any information which would enable us when 
buying boiler plates to determine whether they were of such quality as 
would endure, it would be information of great value to the railroad world. 
If we do not know how to test steel let us say so, and let somebody tell us. 

Mr. Setchel, Little Miami Bailroad — ^I was not aware that there was any 
thing very curious in iron or steel becoming carbonized or brittle by use and 
being restored by annealing. It certainly is not new, and is a thing that 
may be witnessed every day in working up old iron or steel. I will now give 
the rest of the history of that fire box. The steel was of the Sheffield brand. 
We ordered from our purchasing agent steel for two fire boxes, and this was 
sent us, which was tested and then made into the fire box. In chipping the 
seams prior to corking, as the chisel would get under the chip, the steel 
would work out, or go down below the surface, just as a wart will when pulled 
out of the hand. And yet those sheets flanged beautifully, and seemed to be 
as soft as any steel could be. At the same time that this chipped out, you 
could discern a line running through the edge of the sheet, after it had been 
chipped off. Fearing that there was something wrong about the steel, I 
wrote to our purchasing agent, describing precisely how the steel worked — 
telling him about its chipping out below the surface, also how soft it was and 
how well it flanged. There was not a crack in it, nor the sign of one, except 
this dark line. I inquired of him who was using that brand of steel. He 
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forwarded the letter to the manufacturer, and they claim that the matter was 
overlooked, and that thej thought nothing more about it. I watched that 
fire box with a great deal of anxietj, and as soon as I got word that one of 
the side sheets had cracked, I went to the place where the engine had laid 
oyer to inquire into all the circumstances. I found, as I have before stated, 
that the engine had been standing in the house for twentj-four hours, and 
that it cracked pretty soon after fire had been introduced to raise steam. I 
wrote to our Superintendent in regard to the matter, and quoted the letter I 
had written to the purchasing agent. I also wrote to the purchasing agent, 
and sent him samples of the steel, the same as I have brought here, and he 
at once gave it as his opinion that the steel was too hard in the first place. 
I brought the specimens here because the fact seemed peculiar, and worthy 
of careful examination. Mr. Forney says the fact shows that the test is 
good for nothing. If he can find us a better way for testing steel I would be 
glad to have him do it. You must not tear down a man's house unless you 
can build him a better one, and unless Mr.^Forney can furnish a better way 
of testing steel than that which I used in this instance, it is better for him 
not to say much about it. This is only a part of the test. It is proposed to 
have the specimen analyzed, as has been suggested by several members. 

Mr. FoBNBY, Bailroad Gazette — I am ready to say frankly that I do not 
know of any better way of testing steel. But when you come before an 
Association of this kind and ask for tests, it is not an answer to say, as the 
old lady did about the indigo, that if you put it in water it will either sink 
or swim, and then it was either good or bad, she did not know which. It 
^11 not do to say that you must plunge steel into cold water while it is red 
hot and then bend it, and if it will bend without breaking it is either good 
or bad, but you can not tell which. I merely say frankly that I do not know 
My better way of testing steel than that which was adopted by our Secretary. 
And that is one of the great objections to the use of steel for boiler purposes, 
the uncertainty that seems to attend its use at the present time and with our 
present knowledge. Whenever there is found a more accurate means of test- 
ing it, I shall then favor its more general use. 

Mr. Peddle, Terre Haute & Indianapolis Baiilroad — The road with which 
I am connected has been unfortunate in the. use of steel fire boxes. When 
the first fire box gave out we tried to learn the cause. We thought it was 
from the want of proper annealing, and after that time the sheets were care- 
fully annealed. They were heated by a charcoal fire, and then allowed to 
cool very slowly ; but still they cracked. I believe it is all-important to 
have a good quality of steel. We have to take the steel sent us by the 
makers, and have no way of thoroughly testing it — ^no known test but use. 
Last year we had two engines built by the Baldwin Locomotive Works, with 
Bay State steel fire boxes, the side sheets of which cracked within six 
months after they were put upon the road. The crack commenced a few 
inches above the grate, ran up from fifteen to thirty inches vertically, some- 
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times taking the stay bolts in the line, and sometimes going oatside of the 
stay bolts. This shows that the sheet is on a tension. The middle of the 
crack is generally open one-sixteenth of an inch or more. My theory is 
that the sheet must be under some sort of tension, caused, probably, by the 
fire ; and that that tension is caused either by an incrustation on the inside, 
or by the water being driven away from the surface, and the sheet becoming 
heated. To test this I had a square piece of steel plate, about five-sixteenths 
of an inch thick and twelve inches square, planed off accurately, and then 
submitted to a heating process. I heated it to a cherry red, and then let it 
cool, and found that the contraction was very slight. I repeated that several 
times, and each time the contraction was slightly increased. I then arranged 
it 80 that I could heat a strip of the plate four inches in width and of the 
whole length of the plate. I then found that the contraction was very great, 
running up to about one-sixteenth of an inch. Before I got through with 
several different heatings, running from five to eight hours, I shortened the 
sheet over one-fourth of an inch through the center. This satisfied me that 
contraction was the cause of the rupture. But the cause of that corUradUm 
is left in uncertainty. On the eastern end of our road we have clear lime- 
stone water. There is no mud resulting from its use, but there is a very 
heavy incrustation. On the western end of the road we have surface water. 
There is a great deal of mud, but very little incrustation. When the boilers 
are cleaned out regularly the mud comes off down to the iron, and on that 
end of the road we have very little trouble with steel fire boxes; but on the 
other end, where the incrustation takies place, we have a great deal of trouble. 
I think it is largely due to the fact that the incrustation prevents the water 
having access to the sheet, apd it becomes unduly heated, and contraction 
results. Any disturbing cause tends to produce a fracture, as the hammering 
on a stay bolt head. We have had some boilers give out from that cause, 
after standing in the round house a week without being fired up. 

Mr. Flynn, Western & Atlantic Bailroad — My experience has been right 
the opposite of that of my friend, Mr. Peddle. The road of which I have 
had control of the machinery for seventeen years has been very fortunate in 
the use of steel. We commenced its use in 1866 by putting steel fire boxes 
in seven new engines, and these are as good to-day as they were the day 
they were put in. It may be possible that they have had the same advan- 
tage that our Secretary says some of his fire boxes have had. They were 
wood-burning engines when first put into service, and burned wood for four 
years ; then they were changed to coal-burning engines. None of our steel 
fire boxes have cracked, although I have heard a great deal about the diffi- 
culty with steel fire boxes. I built two of the boilers we are now using in 
our own shop; I thought that I would not attempt to anneal them, but 
would put them in as they were after the necessary work of flanging. Tt is 
true that I drilled instead of punching the stay bolt and rivet holes. The 
service that those two engines have had to perform has been about equally 
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S.oe ofthree years, look as well as when they were first put in. None of the 
;9lates have ever cracked. I at first dreaded the use of steel from hearing 
'Mat it was attended with so many disadvantages, but I must say that my 
'prejudice has been removed, and I am now in favor of the use of steel 
liecause I have experienced none of the bad results that have been described 
^ere. Our water is limestone on half of the road and freestone on the other; 
daring a portion of the year a part of the road is very muddy. Shortly afler 
we commenced the use of coal I had given orders that each engine should 
he thoroughly cleaned eYery two weeks, but found that one of the engines 
had gone past that time and the stay bolts had drawn out. I had no way to 
remedy the defect except to put in new stay bolts. I then introduced the 
system of having a book, under the charge of the round-house man, in which 
a record is kept of eyery time an engine is washed out. If I have any doubt 
about my orders having been carried out, I can learn by referring to this 
book just when each engine was cleaned. Mr. Hudson has stated that, in 
many instances, mud is allowed to collect in the boilers ; that may be the 
case unknown to the Master Mechanic. I know an instance where we hired 
an engine to a connecting road, and it was returned to us after two months' 
service with a long crack across the top sheet seven inches below the flues. 
I thought it was somHhing very strange, as It was the first engine belonging 
to the road that had ever given out in that way. I asked the Master Me- 
chanic of the road whether he had cleaned the engine out regularly, and he 
said that it had been cleaned every two weeks. When she came back I 
examined her and found that she was clean in the lower part of the fire box, 
but when the* boiler maker had cut out for the patch I found that the mud 
had accumulated until it came very nearly up to the flues, and in cleaning 
out before they sent the engine back they had forgotten to go up in the shell, 
and the mud was left there. Now, if I had not discovered that fact, I might, 
on examining the boiler and finding it clear of mud, have attributed the 
crack in the flue sheet to some defect in the iron ; but, on thoroughly exam- 
ining the matter, the cause of the crack in that flue sheet, which was of iron, 
was apparent. It had cracked because the mud had been allowed to accu- 
mulate to such a height and quantity that it had baked hard, thus causing 
the sheeet to become unduly heated and then to crack. I can not account 
for the fact that other roads have such trouble with their steel fire boxes 
when we have none. It will soon be nine years since we commenced the 
oae of steel boxes, and in all that time we have not had any of them to 
crack. It may be owing to circumstances which are entirely outside of my 
knoweldge; it may be due to some peculiarity in the fuel or water; but 
this has been my experience, and I give it for what it is worth. I have had 
no difiicuUy, and therefore have no hesitation in saying that I am in favor 
of steel fire boxes. 
Mr. Woodcock, Central Bailroad of New Jersey— Our experience in the 
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those who have spoken on this subject. We have had both g^ood and ba(^ 
results. We are at present using steel in our furnaces exclusively, and thaC^ 
is evidence that we think pretty well of it, yet we have had some difficulties 
to encounter. We have a lot of ten-wheel engines which have been runnings 
for six years with fire boxes of steel one-fourth of an inch thick which have 
given excellent results, and are to-day apparently as good as any on the 
road ; while we have others, passenger engines, using five-sixteenths of an 
inch steel, which have given us trouble. We have been careful to drill the 
holes and to anneal the sheets, and we are very careful that the rivet holes 
are just as they should be, yet with all this care we find that they u^ttt crack. 
This is a mystery that we can not solve. I would like to ask Mr. Qraham 
for some information. In the year 1869 I was connected with the Dixon 
Locomotive Works, and built two engines there with steel furnaces, the side 
sheets of which were corrugated, and I would like to know what has been 
the result of the corrugation of those sheets, and whether it wa» of any 
benefit. The information may be valuable in connection with this subject. 

Mr. Graham, Lackawanna & Bloomsburg Bailroad — About sixteen years 
ago I suggested corrugating the side sheets. My experience for twenty 
years had been with anthracite coal-burning engines, and we had great 
trouble with the cracking of boilers, for anthracite coal is a very hard fuel 
for furnaces. It makes a fire so hot that it will melt a pig of iron as easy as 
butter. Our furnaces are from eight to nine feet long. I never had the 
opportunity to try corrugation as a remedy for the cracking until the time 
mentioned by Mr. Woodcock. The boilers to which I refer were the first 
that I made after I was in a position to carry out my own views. The 
boilers then made are still running and in good order. They have been in 
constant use for six years. I did not corrugate the whole of the side sheet. 
I put it in in two parts, connected by a longitudinal seam, and corrugated the 
lower half of the sheet which is opposite the fire. I have been building 
engines in that way right along for six years. I corrugate them about 
three-quarters' of an inch. Three men will corrugate a sheet in half an hour. 
I bring the row of stay bolts at the top and bottom of the corrugations, and 
then straighten the edge of the sheet, which gives a straight seam with no 
more trouble than with a flat sheet. I have no trouble with the cracking 
of sheets since I commenced to corrugate. We use iron exclusively and 
have had very good results. I have had no experience in the use of steel. 

Mr. Clabk, Lehigh Valley Bailroad — I am connected with a road that 
uses "anthracite coal for fuel, and on which we have been using steel fire 
boxes for ten years. We have locomotives with steel fire boxes with grates 
seven feet long. The side sheets are made in two parts, but are not cor- 
rugated. We have never had a single sheet to crack. We have about 
twenty-five locomotives of that class running at present. There was an 
engine sent for me to repair from the upper part of ur road, where the 



47 

water is yery bad. She had a steel fire box, and when we undertook to 
clean it out, we found an incrustation extending up twenty-two inches from 
the bottom, and it was so hard that we could not cut it out with a chisel. If 
I had not thought the fire box was burned I would not have taken it out, for 
there was not a crack in it. 

Mr. Robinson, Great Western Railroad— In the year 1853, the Great 
Western Railway received a number of engines from Stevenson's Works, in 
New Castle. One was called the "Ixicon." A few years afterward that 
engine came to the shop, and we found that the box was filled from fifteen 
to eighteen inches from the bottom with a hard mud resembling rock. We 
had to take the plate out and cut that ofi", and we found the plate changed 
in its nature— the Yorkshire had become cast iron. It was so hard that 
when struck across the rail where the engine was standing it broke into 
pieces just as thin cast iron would. That shows that the nature of the iron 
had become changed, and I think that nothing else could be expected from 
such treatment as that iron had been subjected to — a solid material on one 
side of the sheet and a fire on the other. The iron had baked and baked 
until it became carbonized, and in that way became like cast steel. I would 
not say that the reason members are having trouble with their steel fire 
boxes is because the fire boxes are not properly cleaned ; but I think that 
if they were kept perfectly clean, the percentage of cracked boxes would very 
materially decrease. When a fire box cracks and you examine the boiler 
ftnd find it perfectly clean it does not follow that the fire box has not been 
▼ery dirty at some previous time when the injury was done. The injury 
ittight not have been apparent until the mud was removed. It may often 
^ the case that you can not discover a defect until after the cause of the 
injury has been removed. 

Mr. Peddle, Terre Haute & Indianapolis Railroad — I am sure that the 
hollers on our road are thoroughly cleaned. We have a head of water equal 
to thirty pounds to the inch, and we use that water with a three-quarter 
inch nozzle, and it knocks out the mud and scales just as a jet of steam 
would. Our boilers are cleaned as well as they possibly can be once a week 
on the west end of the road where the mud is, and about once in two weeks 
on the end where the incrustation takes place. As I said before, the mud 
does not trouble us any. The incrustation which it seems almost impossible 
to get off is, I suppose, the source of all our trouble. 

The President— It has been our custom to have a recess during the day, 
and if there is no objection we will now take a recess of ten minutes. Before 
we do BO, however, I wish to state to the members that this hall is kindly 
donated to us by Mr. Peter Cooper, and the trustees of the Cooper Institute, 
and one of the conditions of its use is, that there shall be no smoking in the 
building. The members will please bear that restriction in mind. During 
the recess another opportunity will be given for those who have arrived 
since our Convention assembled and are eligible to membership to sign the 
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constitution. The Committee on Assessments will be prepared during tbi 
recess to receive the assessment of members. 

The Convention then took a recess of ten minutes. 

On re-assembling, Mr. Lauder, of Northern Railroad of New Hampshire 
moved that the further discussion of the report on the *' Best Material, Con 
struction, Operation, and Management of Locomotive Boilers/' be postpone 
and made the special order for Wednesday at 11 o'clock. 

Motion carried. 

The Committee on Finance presented the following report : 

Beport of Finance Committee. 

To the. American Railway Master Mechanical Associaiion : 

Gentlemen — The Committee appointed to examine the accounts 
of the Secretary and Treasurer respectfully beg leave to report that 
they have performed that duty, and found them correct. 

J. W. PHILBRICK, 1 

THOS. KERR, V CammiUee, 

WM. McAllister, j 

On motion, the report was accepted. 

The President — ^The next business in order is the report of the Com- 
mittee on the Purification of Feed Water. The Committee consists of 
Messrs. Towne, Sellers, Elliott, Wilson, and Faries. The report is in the 
hands of the Secretary, who will read it. 

To the American BaUway Master Mechanics^ Association ;] 

Gentlemen — In compliance with the usual custom, your Com- 
mittee issued the following circular : 

Purification of Feed Water. 

To , Jif M ; 

Dear Sir — The Committee appointed at the last Convention of 
the American Railway Master Mechanics' Association to investigate 
the above subject, and ascertain the most approved methods for the 
treatment and improvement of feed water, by chemical or mechanical 
means, and for the prevention of incrustation, beg your earnest con- 
sideration of the following questions : 

1. What means, if any, have you adopted for the improvement of 
feed water for locomotive use ? 
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2. Can you suggest any method of depuration that would, in your 
opinion, improve the water on the line of your road ? 

3. Do you recommend the use of rain and surface water, wherever 
it can be gathered in reservoirs or otherwise ? 

4:. Have you tried thoroughly any means to remove old formations, 
and to prevent the accumulation of new, and what do you recom- 
mend? 

5. What boiler compound, if any, do you recommend for the re- 
moval and prevention of incrustation ? 

The Committee earnestly request the benefit of your experience in 
any experiment conducted by yourself, or others under your obser- 
mtion, and all information upon this subject given in detail will be 
thankfully received and appreciated. We especially request the 
contribution of specimens of incrustation for analysis, which please 
label with name of road, and mileage of engine in which they accu- 
mulated ; also, please send, if possible, analysis of the water used in 
ea^nes on your road, name of place from which it was taken, and 
its effects upon your boilers. Respectfully, 



H. A. TOWNE, Northern Pacific Railroad, 
COLEMAN SELLERS, FhUadelphia, 
H. ELLIOTT, Ohio & Miniasippi BaUroady 
W. WILSON, Chieaoo, Burlington & Quincy^Uroad, 
" "*'"■' itchison. Topeka & Santa jRs '^ " 



- Committee. 



H. V. FARIES, Auhiswiy Topeka & SfmJta Fe Baiiroad, 
Please address your reply, not later than February 15, 1875, to — 

H. A. TOWNE, Sl Paul, Minn. 

The questions contained in the above, and other printed circulars 
seem to cover all the ground necessary to a final solution of the 
question, so far as it is within the province of the Committee to en- 
oourage experimental research. To enable them to gather reliable 
information growing out of any experiments, a special interest should 
be manifested on the part of the members to contribute the result of 
tibeir experience touching any suggestions contained in the inter- 
rogatories, otherwise but slow progress can be expected which may 
result in any immediate benefit to railroad companies. Your Com- 
nuttee is familiar with experiments that have been going slowly on 
for tke past two or three years in the way of gathering and storing 
run and surface water, which has been the means of a decided im- 
4 
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provement in the feed water at such places, but do direct infonnatioi= 
concerniDg said ezperiments has reached us from the members whc= 
are employed upon these liDes, neither have they replied to the cir— 
cular. We have a commanication from Mr. Reuben Wells, of thsv 
Jeffersonville, Madison & Indianapolis Bailroad, stating that the}^ 
have changed three water stations daring the last Winter, takin^^ 
creeks and surface water in lieu of that from wells, which containe^E 
large quantities of lime and other incrustating substance, and they^ 
have already noticed a marked difference in the performance of their '^ 
engines in that locality, finding, especially, much less trouble with J 
leaky flues and joints. He knows of no other plan at present more ^ 
practicable than that of using rain and surface water wherever it can M 
be collected, and creek and river water at other places. 

We also have the following from Mr. Charles Peddle, of the Terre 
Haute & Indianapolis Railroad : " On the East Division of this road, 
extending from Indianapolis to the State line, the water used by the 
locomotives is mostly obtained from wells of springs, and the Wabash 
and White Rivers, which, in their low stages, derive most of their 
water from springs which rise through their gravelly beds, and we 
are much troubled with incrustation on the fire box plates and tubes 
of the engines on that division. I have had this deposit analyzed 
at different times, and find that the sulphate of lime and magnesia 
are the chief ingredients. On the Western Division, extending from 
the State line to East St. Louis, the water is mostly obtained from 
ponds or reservoirs, supplied by surface drainage, and dependent 
entirely on the rain -fall. The water, however, holds the clay soil in 
solution, and is seldom entirely clear; hence the boilers require fre- 
quent washing, say after running from seven hundred to nine han» 
drcd miles. If this precaution is taken, and the leg of the fire box 
and the bottom of the barrel is kept free from mud, very little 
incrustation takes place, and there is a marked increase in the dura- 
bility of fire boxes and tubes over those on the other division. I 
am of the opinion that money is better invested in providing an 
ample supply of surface water, than in making a chemical laboratory 
of the boilers, endeavoring to soften hard water before using it." 

The same is equally true in the experience of other roads, yet w6 
have this assurance from only a few Master Mechanics. It is ex- 
ceedingly difficult to furnish reliable statistics upon such a sabjeet 
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without the co-operation of those who are in possession of valuable 
information pertaining directly to the leading features of the matter 
under consideration. There are now six hundred Master Mechanics 
in this country, representing nearly as many (five hundred and 
ninety-nine) distinct corporations, having, in all, over seventy-two 
thousand miles of railroad, and about twenty thousand locomotives, 
distributed over so large a territory that any other means than the 
circular system of concentrating so vast a scope of varied experience 
would utterly fail ; hence it is that any experiments embracing in- 
formation tending in the least degree to mitigate this evil should be 
available. The fact that this troublesome and expensive annoyance 
is decreasing, from year to year, is sufficient evidence that railway 
managers are moving in the right direction; and as they become 
better acquainted with the matter, and all its serious consequences, 
incrustation will then, we think, become the exception instead of the 
rale. 

The question, as it now appears, is so well defined in former 
reports that it needs no further argument to prove that the purifica- 
tion of feed water, before its introduction into the boiler, is the only 
trae remedy. There can be no doubt that the reservoir system, as 
recommended last year, is a most admirable method of providing 
suitable water for railroad purposes, but it must be borne in mind 
that either reservoirs or ponds should be provided with convenient 
means for disposing of the mud by settling or filtering. The water 
will then reach the boilers comparatively free from incrustating sub- 
stances, so that washing or scaling will seldom be found necessary. 
At places where reservoirs are impracticable, and wells have to be 
depended on, a late and new process of tank depuration can be 
cheaply and successfully employed. During the past three years 
Prof. J. A, Sewall, at the instance of the chairman of your Com- 
mittee, has devoted much valuable time to the study of this subject, 
with a view thereby to ascertain the simplest and cheapest re-agent, 
which would efiectually precipitate in cold solutions, lime, magnesia, 
alumina, iron, and other incrustating substances. As the result of 
his labors he has produced what he terms ^^ ammoniated pinate of 
Boda," as being best adapted to all the requirements of the case. It 
will effectually precipitate all the salts of lime, magnesia, iron, and 
alumina, at a cost so trifling that it would seem at once to recom- 
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mend itself for practical use. The extra expense attending the use 
of this agent would be the erecting of an additional tub, so that two 
might be employed in the process of purification, thus drawing tbe 
purified water from one while the purification is going on in the 
other. The tubs should be connected by means of two yalves, so 
that the water can be shut off from one while it is drawn from the 
other, alternately. 

The sediment may be allowed to accumulate till it rises to a level 
with the outlet, then mud valves, suitably arranged in the bottom of 
the tub, must be opened, and the sediment washed out. The time 
required for purifying, after the introduction of the re-agent, is 
from twelve to twenty -four hours. A specimen of the water to be 
operated upon must first be analyzed, then the re-agent can be pre- 
pared to suit the case, and the quantity introduced continuously 
with the supply from the pump, the process being so simple that 
attendants usually employed at water tanks can manage it without 
the possibility of a mistake. 

In an experiment made on the Northern Pacific Kailroad by the 
chairman of your Committee, sixty thousand gallons were operated 
upon, with quite satisfactory results ; the well known tests for lime, 
magnesia, iron, alumina, etc., being applied to the purified solution 
without finding a trace of either. The expense of this re-agent in 
the treatment of the hardest water will not exceed one-half cent for. 
every fifty gallons, or, as Prof. Sewall stated, about one- half cent per 
mile run. The expense due to incrustation, according to careful 
calculation made by your Committee in their report in 1872, will 
amount to about seven hundred and fifty dollars a year to each 
engine, or to two and one- half cents per mile (allowing each engine 
thirty thousand miles). If, after a further investigation of this new 
process of tank depuration, it should still be found practicable, inex- 
pensive, and efficient, as we believe we will, your Committee will 
have accomplished more than it had reason to expect. We are, at 
any rate, inclined to feel greatly encouraged over the progress that 
has been slowly, but surely, made toward a final solution of this 
vexed question. Rain and surface water are of the first importance 
to railway companies ; but, if that can not be had, the next "best thing 
is to purify, before using, by any means that may be found to answer 
the requirements of the case at a reasonable expense. Chemical 
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compounds for removing and preventing incrustation are Btill in the 
market, but they are not in a single instance recommended by the 
members of this Association (this year), and we desire to add, if 
they are to be employed at all, the most reliable articles should be 
selected and used with the greatest care. For authority concerning 
harmless articles operating inside of boilers, see ^' Zells* Popular 
Encyclopedia on Incrustation/' Among the cheapest articles that 
have been used is carbonate of soda, the common soda of commerce. 
The introduction of soda into a boiler in considerable quantities 
has a tendency to produce priming, hence the danger attending its 
earliest employment is sometimes productive of more harm than the 
good derived from its judicious use. The best method of introduc- 
ing the soda is to dissolve it in the tank, and pump it into the boiler 
continuously with the feed. The usual quantity varies from one to 
two and a half pounds per day, according to the quality and quantity 
of water evaporated. The use of soda must be followed with fre- , 
quent blowing off and thorough washing, otherwise the settling of 
large quantities of sediment will be found injurious, if not dangerous. 

The ^'stealite talc,'* spoken of in the report of last year, is a 
harmless natural production, hence it is free from those objectional 
features usually attributed to chemical preparations. We are in 
possession of flattering accounts of the efficiency of this article in 
preventing and removing scale without any -deleterious effects. We 
intend to make a further trial and investigation of its merits. 

The condensing apparatus referred to in our report of 1873 is still 
in successful operation at the shops of the Hannibal & St. Joe Rail- 
road. Recent accounts concerning its performance strengthen the 
theory that surface condensation is practicable as a means of prevent- 
ing incrustation without injury to boilers. After four years' service 
the above boilers are not, so far as has yet been observed, injured in 
the slightest degree. Their internal surface shows a thin coating of 
white hard scale, probably the result of the introduction of from 
twenty to twenty-five per cent, of the natural water to make up the 
deficiency arising from a lack of perfect condensation. It is claimed 
by some authorities that the water of condensation — in other words, 
very pure, or distilled, water — acts injuriously on the plates; but 
we are not aware that such has been the result except with salt water 
on ocean steamers. If fresh water, under the same treatment, should 
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be found deleterious, then the proof is clear that the intervening 
thin coating of scale between the iron and the water has effectually 
protected the above boilers from deterioration. These boilers sel- 
dom get dirty, the rule being to blow them out once a week, and 
wash them once in three or four months. From this experience it 
may be safe to conclude that, wherever there is a sufficient supply of 
water, this style of condenser can be safely and economically em- 
ployed. 

Your Committee desire to urge the importance of a more general 
use of the mud drum for locomotives, as recommended last year^ 
believing a proper use of it has much to do with keeping boilers free 
from a troublesome collection of sediment. The mud valve should 
be fitted in the most substantial manner, with connections within the 
reach of the engineer ; and frequent blowing off, say several times a 
day, should be observed, otherwise little or no benefit will be the 
result. It has been noticed that if the head, or cover, of the drum 
be made conical, it facilitates the removal of the mud as fast as it 
collects in the drum, the tendency being to run out of its own 
accord. If, however, the valve should not be opened for several 
days, the sediment will become so hard that blowing off will not 
remove it, but simply open a hole through it. The accumula- 
tion will then increase till the cover is removed, and a thorough 
washing instituted. 

Blow-off valves, usually placed in leg of locomotives' boilers, are 
seldom opened while the engine is at work, for the reason that they 
are not always fitted with suitable connections and placed within the 
reach of the engine men. The prevailing impression that any kind 
of a blow-off cock is good enough, is so serious a mistake on the part 
of engine builders and Master Mechanics that it should meet with 
the severest condemnation. Every time a mud valve is opened under 
pressure, it produces a violent circulation of the water throughout 
the entire boiler, which changes the location of the deposit, and sets 
it whirling till it finds its exit through the open valve. If similar 
artificial means could be devised to maintain a rapid circulation in . 
locomotive boilers, incrustation would not form to any considerable 
extent, providing frequent blowing off was regularly observed. To 
prove the efl&ciency of this principle, we would refer you to the up- 
right boilers having pendent water tubes suspended from the crown 
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sheet into tbe open fire box, and provided with small circulating 
tubes inside of them, extending down to within about three-fourths 
of an inch of the lower end of the large tubes, which are made water 
tight by the insertion of water plugs. The intense heat on the outer 
surface of the large tubes causes the water to ascend within the an- 
nular space, between the inner surface of the large tube and the 
outer surface of the small one, while at the same time the cold water 
descends through the small tube, and thus maintains a constant and 
rapid circulation. 

The chairman of your Committee has observed, with no little 
curiosity, that incrustations do not form in tubes arranged in this 
way. It is not probable, however, that any means so effectual can 
ever be successfully employed in the locomotive boiler ; hence we 
must return to our former conclusions, which seem to strengthen as 
our investigations continue, and that is to purify the water before its 
introduction into boilers, first, by using rain and surface water, 
properly filtered; and second, by tank depurations, as proposed. 

In conclusion, we have the honor to submit, in the appendix, 
Prof J. A. Sewall's paper on " The Purification of Water for the 
Use of Locomotives and Other Steam Boilers," to which we invite 
your careful attention and consideration. 
Bespectfully, 



H. A. TOWNE, I^orthem Pacific Bailroad, 

COLEMAN SELLERS, PkUadelphia, 

H. ELLIOTT, Ohio & JUssiffifippi Bailroad^ 



Committee. 



W. WILSON, Chicago, Burlington <fe Qy,incyBa\lroadf 
H. V. PABIES, AUihiwn, Topeka & Santa. Fe Railroad^ 

H. A. TOWNE, Chav-man. 

On Purification of Water for the Use of Locomotiyes and 
Other Boilers. 

H. A TowNE, Chairman CommiUee^ etc»: 

In accordance with your request, I beg leave to submit the fol- 
lowing: 

I have no doubt that, in order to prevent incrustations, the 
materials which produce, or form, the crust, or scale, should be 
removed before the water is admitted to the boiler. This plan is 
theoretically, and I believe will be found to be practically, the true 



5a 

one. My own opinion touching this matter may have little weight, 
bat I believe that a majority of the members of yonr Association^ 
as well as chemists of high authority, are of the same opinion. I 
here indicate where £&cts and opinions bearing on this matter may 
be found: Maspratt, Vol. II, pp. 1087, 1088; Encyclopedia 
Britannica, Vol. XX, p. 635; New American Cyclopedia, Yo)* 
XX, p. 59; Annals of Scientific Discovery of 1859, p. 231, 
by Medlock ; of 1868, p. 205, Booth ; and of 1870, p. 215, Dr. 
Gunning. 

Incrustation, for the most part, consists of the salts of lime and 
magnesia, the former constituting in a majority of oases ninety-five 
per cent, of the scale formed. Any chemical agent introduced into 
the boiler, at best, only changes the form of these salts of lime, 
but leaving them fnsoluble salts of lime still. These may not so 
readily form scale, or they may be removed with lees difficulty than 
the salts deposited directly from the water. The evil is to some 
extent mitigated, but not cured, certainly not prevented. '^ Preven- 
tion is better than cure.'' 

Several welt known re-agents will remove these salts of alkaline 
earths, but most of them are objectionable, either from their cost, or 
from the fact that the depuriated water would contain certain chemi* 
cals that would attack and injure the iron. What is required is a re- 
agent that will completely remove the alkaline earths, etc., from cold 
solutions, that will not in any way injure the metal with which it 
may come in contact, and the cost of which will make its use profit- 
able ; or, in other words, render the cure cheaper than the endurance 
of the evil. Oxalic acid, or the oxalate of ammonia, precipitates in 
cold solutions lime and magnesia as insoluble oxalates. If, however, 
an excess of the re-agent be added, this excess would injure the 
metal of the boiler. Hydrate of lime and chloride of barium will 
effectually remove the salts of lime, etc.; the former removing or 
precipitating the carbonates, the latter converting the sulphate of 
lime into the insoluble sulphate of baryta, which would be precipi- 
tated, and also the soluble chloride of calcium. If there were no 
other objections, the difficulty of adjusting the strength of the lime 
solution, and the cost of the chloride of barium, would prohibit the 
use of these re-agents. Hydrate of lime and acetate of lead would 
act as well, the former precipitating the carbonates, the latter con- 
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verting tlie sulphate of lime into the insoluble sulphate of lead, 
which would be precipitated, and also the soluble acetate of lime. 
The cost of depurating water by either of the above named plans 
would be from two to three cents per mile, or for fifty gallons. I 
speak of such water as is used generally by railroads in the Missis- 
sippi Valley. 

I have conducted many experiments, with various chemical re- 
agents, to find something that would answer all the requirements, 
and I am prepared to recommend the ammoniated pinnate of soda 
as best adapted to the end. This agent precipitates from cold solu- 
tions all the salts of lime, magnesia, iron, and alumina usually found 
in feed water, leaving nothing in the water that can in any way 
injure iron or other metals ; but, on the contrary, will prevent oxi- 
dation. The cost would not exceed half a cent a mile, or forty 
gallons. By this re-agent the carbonates of lime and magnesia are 
conyerted into insoluble pinnates and precipitated. The sulphate of 
lime is converted into the insoluble pinnate, leaving in the water the 
perfectly soluble and harmless carbonate and sulphate of soda. The 
ammonia facilitates the precipitation of the iron and alumina ; more- 
over, any impurities that may be suspended, not dissolved, into the 
water will be to a great extent carried down with the precipitates. 
In fact, the presence of any perfectly soluble saline body in water 
tends to throw down all suspended matter. See Hunt's Chemical 
ADcl Geological Essays, p. 10 ; or. Proceedings of Boston Society of 
Natural History for October 15, 1873, and February 18, 1874; also, 
Humphrey and Abbott's Report of the Physics and Hydraulics of 
the Mississippi Biver (Appendix XI). With this re-agent^ I have 
succeeded in depurating water at a cost of less than half a cent per 
fifty gallons. 

The use of this re-agent for the purpose above named would 
require extra tanks ; but as this matter belongs to the mechanical 
nther than the chemical department, I need make no suggestions, 
believing, however, that some plan may readily be devised so that 
this method of depurating can be made both practicable and pro- 
fiUble. 

Permit me to extend to yourself and Mr. Jaokman, of the Chicago, 
Alton & St. Louis Bailroad, my hearty thanks for assistance and 
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many valuable suggestioiis during the time I have been making 
these investigations. Respectfully, 

J. A. SEWALL, lainoia State UnivenHv. 
February 9, 1875. 

Since writing tbe report we have received the following communi- 
cations from Messrs. J. H. Setcbel, of the Little Miami Kailroad, 
and H. Y. Faries, of the Atchison, Topeka & Santa Fe Railroad, 
both of which we respectfully submit. 

Mr. Setchel's views are entirely consistent with those of your 
Committee, who are also prepared to recommend the surface blower, 
especially in alkali regions, where the sediment assumes a floculent 
amorphus form (producing priming), which can be blown off from 
the surface. 

Mr. Faries' letter contains the result of some curious and import^ 
ant experiments that evince assiduous prosecution, which entides 
the gentleman to much credit. 

H. A. TOWNE, Chairman CommiUee. 

Porifioation of Feed Water. 

H. A. TowNE, Esq., Chairman of Boiler Committee: 

Dear Sir — At this late date I have at last found a little time to 
answer some of the questions as far as possible, and will be quite 
brief. 

I have been waiting the result of a mechanical experiment that I 
put into operation last April, which was to set the tubes one inch 
apart so as to admit of a greater body of water between them. 
I took Engine No. 7, of Taunton build, belonging to this Company. 
The barrel of the boiler is forty six inches in diameter, with eleven 
feet six-inch tubes, two inches outside diameter, gauge No. 13. This 
boiler had, when put upon the road in 1871, one hundred and thirty- 
five tubes, and continued to run with that number until April, 1874, 
during which time it was necessary to remove the tubes four times, 
all owing to the immense deposit between the tubes; during this 
time the back tube sheet became blistered and cracked in many 
places, and consequently had to be replaced with a new one. 

I will here mention that the original sheets were Sligo iron, and 
were replaced with the same kind. The bridges between the tubes 



59 

were fi^e-eiglitbs of an inoh wide one way, and eleven-sixteenths of 
an inch the other. The tubes ocoupied all the space there was in 
the hack sheet, some of them within one-half of an inch of the 
flanges, and before I laid off the tabe holes in the new sheet I made 
the calculation as to how one hundred and five tubes would compare 
with one hundred and thirty-five of the same size, and found twenty- 
two and one-half per cent, less tube heating surface, but found the 
boiler would contain, counting the water at the level of the upper 
Me of the top row of tubes, eight cubic feet or five hundred pounds 
more water than it did with the original number of tubes. This I 
considered once heated would resist the feed water and be about 
equivalent to the twenty-two and one-half per cent, reduction of the 
tabe surface. From this data I made the experiment by removing 
the front head and replacing it with a new one to correspond with 
the new back sheet wherein the tubes were placed one inch apart. 
Bnt before proceeding farther, I will make mention here that no 
engine on this road running between Emporia and Wichita, a dis- 
tance of one hundred miles, can run over ten thousand or twelve 
thousand miles without having at least one -half or all of the tubes 
removed in order to clean out the scale to prevent leakage and save 
foel. All the freight engines will commence to leak in about twenty 
^iays after being put on this division, even with an entire new set of 
^bes if they draw heavy trains — say thirty-five loaded cars, and the 
grade does not average over ten feet to the mile, except five miles, 
which is forty-five feet to the mile, over which all trains double. 
All of the water between Emporia and Wichita is strongly impreg- 
nated with sulphate of li^le, commonly known as gypsum, mixed 
with carbonate of lime, salt, or magnesia. The sulphate of lime 
does not allow the sheets to remain as cool as is the case with good 
Water, and the consequence is that with a heavy fire the metals are 
expanded too much, and as soon as the throttle is shut off, and the 
fire slackened, the flue sheet finds its original shape, while the tubes 
have been permanently contracted and can not return with the sheet 
to their original or perfect setting. Steel or iron sheets seem to act 
about the same in this respect. All this difficulty led me to believe 
that less tubes and more water space would obviate this trouble some- 
what, and I am pleased to say that my expectations have been fully 
realized, as I am fully prepared to give the performance of Engine 
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No. 7, compared with the same class engines with forty-eight-inob 
barrel, while Engine No. 7 has but forty-six inches; but in all other 
respects the engines are all alike, which difference I think is against; 
Engine No. 7. 

But we will let the performance sheet show for itself, which im 
kept by my clerk, who knows nothing about the experiment except 
to make out the reports, especially the coal tickets which are handed, 
him at the end of each month by the coal agent ; all of which I 
consider an important test. Engine No. 7 has not been favored in 
any way since the experiment began. 

The train sheets show that Engine No. 7 did not lose a trip from 
the time she was put on the division where there is so much trouble 
with the water. While the same class of engines running on the 
same division had to have more or less work done to the tubes every 
week, and would not stay tight twenty-four hours at any one time, 
Engine No. 7 run fo^ ten weeks without leaking a particle when 
fired up ; but, like all other coal burners, sapped a little when cold. 
Engine No. 7 was not in constant use from the time she received the 
new sheets, with only one hundred and five tubes, on account of a 
falling off of business, but had run fifteen thousand miles up to the 
7th day of January, 1875. At this time she became badly limed up 
and began to give some trouble for steam the last week in December, 
1874, but was still making her regular trips at the time I laid her 
up for the purpose of removing the tubes. I found the space be- 
tween the tubes about one-half closed up with hard scale deposit, 
but still water space sufficient to keep the metals from perishing 
with the flames, while two other engines taken in at the same time, 
with tubes only eleven -sixteenths of an inch apart, were solid from 
one>half to two-thirds the perpendicular distance of the whole tube 
surface, which cut off fifty per cent, of the tube heating surface and 
only left about sixty-eight effective tubes and less hot water to resist 
the feed water. 

All of these difficulties being constantly before me, I made up my 
mind that I must do something to avoid so much boiler-work (as I 
have never tried any boiler purger that would do any good), and I 
am satisfied that less tubes, or to place them as far apart as will pos- 
sibly answer for generation, is the best thing that can be done for 
this line of road. Some persons have asked the question : ^^ Why 
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not make a still greater reduetion in tbe namber of tubes?" I 
would so recommend if tbe tubes were two and one-balf or two and 
three-fourtb incbes in diameter, wbieb would form a more perfect 
eombastion. I do not bold tbat tbis mode of setting tubes, as I bave 
them in Engine No. 7, would be tbe best tbing for general purposes, 
or for lines tbat bave good water. I bave also left off tbe crown 
bars on some of tbe engines on tbis road, on account of so muob 
scale formation, and suspended tbe crown sbeet to tbe wagon top 
with eye bolts and links and pins, wbicb stands all rigbt and is mucb 
better about removing tbe scale tbrougb tbe cleaning plugs, wbicb 
are placed on tbe sides and end of tbe boiler above tbe crown sbeet 
in the ordinary way ; but I bave not yet learned* any way to pre- 
Tent the formation of scale in boilers on tbis road, or to remove it 
otherwise tban by mecbanioal force. Tbis Company bas bougbt 
large quantities of boiler purges witbin tbe last tbree years, but none 
of them would answer tbe purpose set fortb. I bave tried J. Lavos' 
Compound, of Wyandotte, Kansas, wbicb seemed to do tbe work for 
the first few weeks, after wbicb it seemed to assist in forming scales 
around tbe fire box tbat tbe beat could not drive off, wbicb is done 
more or less witbout tbe use of tbis compound, and falls to the bot* 
torn where they can be broken up and taken out. I have tried tbe 
Houghton Compound, of New York, and bave a large quantity of it 
on hand at present, wbicb threw two of our best engines out of tbe 
service in one day. It caused them to leak in every tube ; and in 
many places the rivets and caulking commenced to leak so mucb tbat 
it was impossible to get them out of sight of the shops with half a 
train. I laid them in and did the necessary repairs, and found tho 
scale as solid as though no compound had been used. I got quite a 
lot of tbe " Excelsior Boiler Compound," wbicb is made in Cleve- 
bnd, Ohio, but it did not do the work any better tban tbe others ; 
but I will give it credit for not making the boilers leak. I have 
tried coal tar to a considerable extent, but found it entirely useless; 
it would settle in the leg of the boiler and remain there as pure as 
the day it was put in. I also tried petroleum oil; and bave had as 
ttnch as fifteen gallons in one boiler at once, but it did not effact 
tbe formation in any way that I could discover nor produce foam. 

Blocks of zinc were highly recommended, by suspending them to 
Ae stay bolts in different parts of tbe fire box. I cast them to 
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weigh about one pound each, and put from four to six of thorn in 
each boiler, and I found in six days the acid in the water would 
entirely decompose the zinc so as to leave no trace of it, while the 
scale formation built up the same as usual. The best thing I tried 
was the loose black prairie soil, but it produced too much foam and 
makes it difficult to even run an empty engine, and it will not remove 
the old deposit, but will, in a great measure, prevent the formation in 
a clean boiler, and all fermenting substances seem to do the same 
thing, such as beef tallow, malt, starch, ship stuff, etc.; but all such 
things are impracticable and hardly worth mentioning, and scale for- 
mation in boilers on this line is as much master to-day as it was five 
years ago. 

I think, if the Association intends to prosecute this matter of 
holding the sediment in solution, the best way would be to elect two 
men, ope to be a practical Master Mechanic, and the other a prac- 
tical chemist, and pay them for their full time so they could go to 
the different parts of the country and gather all the information 
they could, and get samples of scale and water, and give the Associ- 
ation the benefit of the various tests. I have no time nor facilities 
to experiment with such matters with any satisfaction and attend to 
my duties, as I am expected to at all times ; neither do I believe 
that any Master Mechanic can devote time sufficient to ever gain the 
requisite information. As to the best way of disposing of bad water 
for locomotives, especially in a country where there is no other kind 
to be had, I would most earnestly recommend the use of rain water 
at all times ; for, in a rainy season along this line, there is but little 
trouble with leaky tubes, and the sediment is held in solution and b 
easily washed out, while the hard formation on the tubes and fire 
box is more porous and more readily permits the water to come in 
contact with the heating surface, which causes the engines to steam 
much better with less fuel. But in this country there is a difficulty 
in using surface rain water, owing to the whole earth being strongly 
impregnated with alkali, which is taken up with rain water, and 
causes the engines to foam more or less. This Company put up a 
water station at a point that usually fills with rain water every 
season ; but it has been abandoned partly on account of an insuffi- 
cient supply, and because of its foaming so badly. I do not think 
that puddling, or rock bottom and walls ; would improve the water or 
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free it from alkali. I fully expected to be able to furnish you with 
an analysis of the water on this line, but I could not do so without 
giving it my personal attention, and the consequence was that I had 
to give it up, but will send you some of the common specimens, 
such as I have to deal with every day, more or less. The total 
mileage for engines running on the road for 1874 was a little less 
than eight hundred thousand miles, and I was compelled to remove 
nearly twenty-five hundred tubes, and a proportionate number of 
crown bars, and the same thing must be done this year. I am in- 
clined to think that as the country becomes more settled and culti- 
vated the less rain fall there is to supply the streams, owing to the 
natural evaporation caused by the tillage of the ground, and the 
feed water for boilers is mgch stronger impregnated with the salts of 
the earth than it was some years ago, as the formation is more and 
more rapid every year. The only method that would improve the 
feed water would be to heat it to two hundred and fifty degrees and 
allow it to filter, and thereby take out the impurities before using it 
in the boiler. But this seems to be so expensive that its practica- 
bility is much doubted and slow to begin ; but it is a sure remedy in 
all countries, and will cost less per annum than coal and boiler 
makers under the most economical management. 

The following is a statement showing performance of Engine No. 
7, as compared with two engines of same capacity, running on same 
division during four months, viz.: September, October, November, 
and December, 1874 : 



No. of Engines. 


Time running. 


Miles run. 


Tons Coal 
used. 


Miles run per 
Ton. 


7 

8 

16 


Four Months. 
Foar Months. 
Four Months. 


9470 
8795 
9545 


460} 
436i 
445 


2O1W7 



Most respectfully submitted, 

H. Y. FABIES, M, M. Atchison, Topeka & Santa Fe Bailroad. 

March 16th, 1875. 
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Purification of Feed Water. 

H. A. TowNB, Esq., Chairman qf Committee on Feed Water: 

Dear Sir — The managemeDt of this road have, within the las*^ 
few years, made strenuous efforts to improve the feed water of loco — - 
motives, and with marked success. This, however, only extends U^ 
the changing of water stations from springs of hard water to making- 
use of creeks and surface water available along the line. Within 
the last few years six of these stations have been changed, and the 
result has been that, where it was at one time considered an impos* 
sibility to burn coal, and where it was actually tried and abandoned 
on account of the difficulty of keeping fl^es and fire boxes tight, we 
now have as little trouble as we formerly did in burning wood. In 
fact, we have as little trouble as it is desirable to have with flues, 
they lasting from two to three years without any difficulty, compara- 
tively speaking. 

We have within the last week taken out a set of flues that have 
been in use forty-two months, and the engine has run during the 
time one hundred and forty-nine thousand eight hundred and four- 
teen miles, or one hundred and fourteen miles for every day in the 
whole time. In removing the flues we found considerable sand and 
sediment in the vicinity of the checks, but not as much hard scale 
as we found in one ye^r previous to changing our water tanks. In 
the opinion of the writer, if roads would make use of the hest water 
along their lines, it would go far toward mitigating this great evil of 
incrustation. I know of no method of purification that is practica- 
ble for the amount of water that is required to operate a first-class 
road. 

I do unhesitatingly recommend the use of reservoirs where it is 
practicable to make them. I have tried many of the inventions for 
removing and preventing scale, but have found nothing that, in my 
opinion, will so effectually answer the purpose as a good surface 
blower. In my last communication to the Committee on this subject 
you were notified that "Hays* Galvanic Battery" was being tried on 
three engines on this road, and that a report would be made in 
regard to its workings. I can not see that any good results have 
been accomplished by its use. The scale was fully as heavy on the 
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engines with the attachment as on those without, and I could not, 
tl&ererore, say any thing in its favor. More good has been accom- 
plifihed with us in the way of preventing scale by using soft water^ 
til an any other. Yours respectfully, 

J, H. SETCHEL. 
Hargh 29, 1875. 

On motion of Mr. Sedgley, the report and letters were accepted and ordered 
to lae printed. 

m^E Pbesident — Our sessions asually last from nine o'clock in the morn- 
ins^ UDtll two in the afternoon. It is now past three o'clock. I wish to state 
to the members that the merchants and raanafacturers of New York have 
eictcnded an invitation to as to attend the Fifth Avenue Theater this evening; 
on Thursday afternoon to a drive in Central Park, and on Friday to go 
on an excursion on the steamer Long Branch. The invitations have been 
Kooepted by the Supervisory Committee. Tickets for the theater this evening 
^ill be found in the Committee Boom at the St. Nicholas Hotel. The Com- 
OAtttee have also extended an invitation to our ladies to a drive on Wednes- 
^^y afternoon, and to attend a musical entertainment in the evening. 

<ya motion, the Convention adjourned to nine o'clock Wednesday morning. 



SECOND DAY'S PROCEEDINGS. • 

^he Convention met at nine o'clock Wednesday morning. May 12th, Presi- 
^^t Britton in the chair, 
^l^r. Hayes, Illinois Central Bailroad, moved that a committee of five bt 
^l^^>ointed by the President to select and recommend subjects for discussion 
*^ %he next Convention. 
t:^rried. 

1?HE President — ^I will appoint on that committee, Messrs. Wells, Boon, 
^^ "VT, Philbrick, Flynn, and McAllister. If any members have subjects that 
^^^j would like to have discussed at the next Convention, they will please 
^^^ them in writing and hand them to the Committee or to the Secretary. 

^r. BoBiNSON, Great Western of Canada — I move that a committee of 
^br«e be appointed by the President to select a place of meeting for the next 

Carried. 
5 
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The Pbesident— I will appoint on that committee Meien. Sedglej, EaAt' 
man, and Bushnell. I would state to the Convention that during the last;* 
two months there has been some correspondence between the Supenrisor^ 
Committee and parties who are to test some steel and iron axles in this dt^^ 
this afternoon, at four o'clock ; and that a committee consisting of Miuuii nu 
Hayes, Forney, and Sellers, has been appointed to attend. Members thi^K»t 
would like to see the test are invited to be present. It is probable thst w e 
shall have to hold an afternoon session, and I hope that the members 
not lose sight of our Convention in their anxiety to witness the test. Yeste 
day, at the close of the session, we had finished reading the report on th^ -^^ 
"Purification of Feed Water;" is it your pleasure to enter upon the discmi^^^ 
sion of that report at this time? 

Mr. Sellers, of Philadelphia—I move that we now make that report th» ^^^ 
subject for discussion. 

Carried. 

The President — Discussion on the report of the Committee on th^ -^^ 
"Purification of Feed Water" is now in order. 

Mr. Sellers, of Philadelphia — I suppose that you are all well aifare tha^ -^^ 
many of the reports have to be prepared by the Chairman of the Committee^-^^* 

because the members are separated by long distances. I wish to speak iu -^ 

praise of the labor that has been performed by the Chairman of this Com-* — ' 
raittee, Mr. Towne. I understand that the greater part of the work has been -^^ 
done by him, and it has certainly been done in a very thorough manner. ^ -* 
But, at the same time, one dislikes to have their name appended to a report -^ 
that they have not had an opportunity to read before it is presented to the 
Convention ; although my name is attached to the report, I never saw it 
until it was read yesterday. I do not say that I have any objection to it in 
the main, but there are one or two statements contained in it which might 
place me in a wrong position without some explanation. I am represented 
as having stated that water distilled from sea water had an iigurioas eflbct 
upon boilers. That is not what I intended to say, for such is not the fact. 
I said that fresh water used with surface condensers on ooean steamers, 
unless they admitted salt water to it, so as to produce a slight scale, was 
detrimental to a boiler. It is not the use of the salt water that is detrimental. 
The boilers of those steamers that supply themselves with fresh water on 
starting, and do not allow the use of salt water, are injured in a single trip, 
because of this fresh water being used over and over again. Some think 
that it is the tallow or something else that enters into the cylinders and pro- 
duces an acid that is deleterious to the boilers. But be that as it may, the 
use of distilled fresh water in ocean steamers with surface condensers has 
been entirely abandoned, and they now inject a certain quantity of salt 
water into the boilers so that a scale of slight thickness shall be produced. 
They find from experience that the presence of this scale tends to prevent 
any deleterious action on the boiler. The Committee have spoken of a sab- 



rtanoe introduced bj Frofeasor Sewall for the purification of water before it 

entera the boiler. I know nothing about this chemical aubatanoe, nor how 

it will act, and, therefore, only take the statements upon the faith of Pra- 

feaior Sewaira high reputation. It is doubtless exactly what he represents 

it to be, but I think something else is needed beside the mere mixture of 

certain chemicul ingredients in the water — a mechanical action is also needed. 

There is a large chemical house in Germany selling a preparation to tba 

nuJroads of that country for the purification of water. Doctor £. DeHain, a 

manufacturer of chemicals in Prussia, has published a paper on the subject 

in which he states that the mere mixture of a definite quantity of a chemicfd 

subetance in water is not the only thing needed. Agitation is required to 

aecare the best results. The stirring of the water at the water stations, by 

some mechanical arrangement, would present an almost insurmountablj^ 

difficolty, and so an invention of Mr. Korting has been substituted. A 

•team blast is used to throw air into the water, A very small jet of steam 

tiirowa in a large mass of air, and that air passing in draws in another 

quantity of air, and that another, and so on. The water is thus stirred up 

Very thoroughly. The process used in Germany for this purpose is tbie 

«lepo«it of the carbonate of lime by' means of caustic lime. A deposit «f 

sulphate of lime is accomplished by the use of chloride of barium. The 

csliloride of barium combines with the sulphate of lime and chloride of 

<»ilciiiin ; the sulphate settles at the bottom of the tank and the chloride qf 

l»»rium remains in the water. So far as the sulphate of lime alone is con- 

Cdemed it seems to have answered a very good purpose, and it has beep 

leoEteneively employed in Europe for the purification of water. There are, 

bowever, some waters containing the carbonate of lime, or the sulphate ^f 

XJ^xne, and other substances that do not seem to injure the boiler or to forqi 

m^mij scale. My attention was yesterday called by my friend, Mr. Sedgley, tp 

s^ sample of the water of the Lake Shore and Michigan Southern Boad* 

^I?he water looks more like whitewash than anything else that I know of. 

analysis of a gallon of the water shows that it contains 26.6 grains of solid 

fitter, consisting of: 

Solphateof Lime 8.5 grains. 

Bicarbonate of Lime 14.5 '< 

Bicarbonate of Magnesia ^ 2.0 ** 

Bicarbonate of L^n 1.5 '< * 

C9iloride of Sodium and Potassium 8.8 ** 

Soluble Silicia 1.0 " 

Organie matter and loss 8 ** 

Making a total of. 26.6 " 

The water contained nineteen and one-half cubic inches of pure carbonic 
add to the gallon. One would think from a glance that this wat^r was a« 
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injurions as any that conld be pat into a boiler, bat Mr. Sedgley n,y that 11 
does not injure the boiler in the slightest decree or form any scale; the 
impurities are deposited in the form of a powder which can be readily blown 
out. I think it would be a yery good thing, indeed, if some of the membeiv 
of the Association would thoroughly test the method snggested by Profeasoi 
Sewall, and also try the process adopted in Europe of the decomposition ol 
the impurities by the use of lime and chloride of barium. I believe thai 
chloride of barium can be obtained at a very cheap rate. In any experi- 
ments of this kind, however, it is necessary to have a correct knowledge ol 
the nature of the water, and definite proportions should be used, otherwise 
the experiment might prove useless. 

Mr. Robinson, Great Western Railroad of Canada — Some remarks wero 
iaade in the report of the Committee with regard to the size and number of 
tubes in the boiler as affecting incrustation. Thil is a matter well worthy- 
the consideration of the Convention. I would yery much like to hear from 
those who have given any consideration to the subject, as to the effect of 
reducing the number and size of the tubes. We know that those who have- 
had occasion to use old locomotive boilers for stationary engines have been 
disappointed in the results obtained, forgetting that a very much smaller 
tube is required in a locomotive than in a stationary boiler. Of course, this 
w a question of the mechanical action in the combustion of the fuel. We 
have boilers that did contain one hundred and fifty tubes, which allowed 
only about an inch of space between the outer row of tubes and the boiler 
shell. I have removed from seven to ten of the tubes from each boiler, and 
get very much better results than was possible before. I think this fact ii 
worthy of notice in connection with the subject of incrustation. I would 
like to know whether any other members have tried experiments of that 
kind. Two and one-half inches is recommended by the Committee as a bet* 
ter size for the tubes than the size now generally in useJ* If this be correct, 
then we must make an important change in our locomotive construction. 

Mr. Philbrick, Maine Central Railroad — I have had a little experience 
in reducing the number of tubes, but I did not do it on account of bod 
water, because our water is good. We had an engine that had a peculiarity 
of getting out of water ; frequently, on . attempting to start, the water was 
found to be so low as to render it unsafe to move without introducing more 
water in the boiler. I took out fourteen of the one hundred and thirty 
tubes that were in the boiler and never had any difficulty of that kind after- 
ward. 

Mr. SPBA.GUE, of Pittsburgh — I would like to inquire whether vny mem- 
ber has experienced any difficulty in using tubes two inches in diameter and 
thirteen feet or more in length. Of course, the diameter should be in pro- 

* This recommendation occurs Indirectly in a letter of one of the Oommtttee, but Is aot 
raeommended in the report.~SBOsxTABT. 
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portion to the length, hut we ordinarily sappoae that two inches diameter 
and eleven or eleven and a half in length produce good results. If anj one 
highad experience in using a greater length with the same diameter, I would 
like to know what the result has been. 

Mr. Hates, Illinois Central Bailroad— I believe that Professor Bewail is 
present, and I would like to ask him whether his process of purifying water 
has been tested in locomotives. I have a bottle in my office, the contents of 
which were prepared from ingredients sent to me by him, and judging from 
that sample I should think his preparation would cause the water to foam. 
On shaking the bottle the upper part of the contents became saponified or 
fill! of foam. I would like to hear from the Professor whether its use in a 
boiler produces foam. 

Professor Sewell — Mr. President, the preparation was tried in a tank 
containing sixty thousand gallons of water. At first it produced a slight 
foam, but after a few minutes it disappeared and the result was entirely sat- 
ttfactory. If I might be allowed I would like to say a few words in addition 
to answering the question. If the material were put into a boiler in great 
ttoessl have no doubt that it would produce more or less foam, but when 
pQt into water and decomposition allowed to take place no foam will be 
F^oduoed. If you take a quantity of it and put it in soft water you will be 
thieto blow soap bubbles; but put it into hard water, and let it remain there 
in proper proportions until the reaction takes place, and it will be as impos- 
sible to blow a soap bubble as it would be with any hard water. The 
operation of decomposition and separation takes place almost immediately, 
^e precipitation will take place in an hour or two, and much sooner if the 
vater contains a large percentage of sulphate of lime. Understand me, that 
the separation takes place instantly, but the complete precipitation goes on 
more slowly. Where the sulphate of lime is in excess it will precipitate in 
half an hour; where the carbonate of lime is in excess it will take a longer 
time. When added in anything like the proper proportion I am entirely 
ittisfied that it will produce no foam. What Mr. Hayes says is entirely just 
>od true; if you put an excess of it into soft water I have no doubt that it 
will produce foam. 

Mr. ELITES, Illinois Central Bailroad — I will state that my experience in 
testing the small quantity sent me does not agree with the statement of Pro- 
^r Bewail with regard to the time of its settling. It took about twenty- 
^Qr hours. During the first twelve hours I could not see any precipitation 
^ all ; after that it gradually went down until, in a jar containing about 
half a gallon of water, there was about half an inch of deposit in the bottom. 
1^ Was like lake water which becomes very riled after the wind has been 
blowing several days. 

Professor SbwalIi — Was the water turbid or clear? If turbid, was it not 
because of material held in mechanical suspension? I understand that the 
t&k^ water contains a very small quantity of the lime. I got an analysis 
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from the city engineer of Chicago this Spring, and from that it appears 
the water contains but a trifle of lime. Was it not a fact that the y 
cbntains bat a trifle of lime. Was it not a fact that the water with ^ 
jon made the test contained matter held in suspension ? Yoa spoke o 
ufater being agitated ; perhaps that was the case. 

Mr. Hates, Illinois Central Bail road— Yes; we pnmp our water 
from the lake, and we get a very large deposit in the bottom of the 
In using Professor Sewall's process we should have to emplojr three oi 
times the number of tanks that we now have in order to give it time t< 
tie. This would conidderabty increase the expense. Our tanks do not cc 
Water enough to last us more than twenty-four hours at a time, and we si 
have to use two or three times the number if we adopted Professor Se* 
process. 

Mr. Coleman Selleb^ of Philadelphia— The paper to which I 
reference will be handed to the Secretary so that the Publication Comr 
may use as much of it as they think proper. It gives a yery graphi 
scription of the method for the purification of water which is in vog 
Germany. Mention was made in the report of the non deposit of sed 
when there was a very rapid motion in the tubes. I would like to 
whether that is really the case. My own experience does not corre 
with that. We have in our establishment a locomotive boiler in whic 
water is in the tubes instead of surrounding them, and there is a very 
current of water passing through those tubes all the time, yet deposits 
very rapidly. 

On motion, the discussion was here closed. 

The following is the paper of Dr. DeHain, referred to by Mr. Sejlen 
retary] : 

Boiler Inorustation and its Hemedy. 

ABSTRACT OF A TREATISE BT DR. E. BE HAIN, MANinFAGT 
09 CHEMICALS, HANOVER, PfttTSSIA. 

The constituent parts of the feed water for steam boilers ^ 
separate as insoluble particles during evaporation, and go to 
boiler incrustation, are carbonate of lime and gypsum, or sul 
of lime. The object in view to prevent the boiler incrustation 
remove these parts, or so to transform their chemical compo; 
before the water enters the boiler that they are soluble, tn 
waters the carbonate of lime, and in others the gypsum, is pret 
naut, and the water has to undergo two separate treatments f( 
removal of the one, or the other, or both. 
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BEHOVAL OF THl CARBONATE OF LIMB. 

Oarbonate of lime is contained in tbe water as a soluble double 
os^Tbonate of lime, wbicb by an addition of an equal quantity of 
alsked lime (caustic) diluted witb water forms two parts of insol- 
ixlDle carbonate of lime, wbich are tben {Precipitated to tbe bottom of 
t^l^e tank or vessel in wbicb tbe mixing operation is performed so 
^bat tbe clear water above is entirely free of tbe carbonate of lime. 
Xf the water be not disintegrated in tbe manner described before it 
^^Kiters tbe boiler, tbe same process will occur in tbe boiler. One 
X^srt of the carbonic acid gas escapes witb tbe steam, and tbe other 
X^srt combined with the carbonate of lime remains as insoluble 
lt>oiler incrustation. 

REMOVAL OF THE GYPSUM OR SULPHATE OF LIME. 

The gypsum or sulphate of lime is an ingredient difficult of solu- 
^Son. Five hundred pounds of water do not solute more than one 
;^oand of gypsum. If now water contains but one-half pound of 
^Sjpsum, in one thousand pounds of water there must be a formation 
^>f boiler crust as soon as three-fourths of the water is evaporated. 
rVhe removal of the gypsum by precipitation in the same manner as 
't^e carbonate of lime was removed is not possible, although it has 
Ibeen elsewhere recommended to obtain this result with soda, but the 
^affect is so minute that the result could be but unsatisfactory. To 
^sbtain the desired result, the gypsum is transformed into a harmless 
^utlt by removing the sulphuric acid gas. By a proportionate ad- 
^5Ution of chloride of barium the sulphuric acid gas is removed and 
^here remains chloride of calcium soluble in the water. Gypsum 
^tnd chloride of barium combined form sulphate of barium and 
chloride of lime. The sulphate of barium settles to tbe bottom of 
%he tank and the chloride remains soluble in the water. Fifty thou- 
sand parte of water solute one hundred parts of gypsum so that^ 
^under the supposition that the quantity of the contents of a boiler 
1)6 fully evaporated once a day, there would be, with water contain* 
log an average amount of gypsum within three or four days, a de- 
posit of boiler incrustation amounting to two pounds for every one 
liundred cubic feet of water evaporated ; whereas fifty parts of water 
dissolve one hundred parts pf chloride of calcium, so that a boiler 
fed with water in which the gypsum has been decomposed could be 



worked from five to eight years before the chloride of calcium would 
become insoluble and form boiler incrustation, so that, also, in this 
respect, boiler incrustation would become a practical impossibility, 
as every boiler is blown out at least once a year. The quality of the 
slaked lime necessary to precipitate the carbonate of lime and the 
quantity of the chloride of barium necessary to decompose the 
gypsum depends, of course, on the composition of the water, but 
the proper proportions are easily ascertained. Although it may ap- 
pear to be too much trouble to have the necessary tanks fixed for 
the mixing, and too much expense in the purchase of chemicals, it 
has been proven by facts and figures that just the opposite is the 
ease. The clearing of the water after proper arrangements have 
been made is so simple an operation that it does not compare with 
the necessary work of an occasional chipping off the crust out of the 
boiler. In point of economy in the consumption of fuel, the effect 
of boiler incrustation as one of the worst conductors of heat has 
never been fully appreciated, and any comparative trials made with 
regard to this point will show a result that almost no reasonable 
expense would be considered too much to remove the causes of boiler 
incrustation. During the mixing process the water has to be well 
agitated, which if done by mechanical means often involves too 
much expense for a proper mixing apparatus, and if done by hand 
is too laborious and costly in the expenditure of time. The most 
effectual apparatus for this purpose, and which is in universal use in 
Europe, is Korting*s Steam Jet Air Compressor which agitates the 
water by means of an air blast. 

The Pkesident — The next business in order is the report of the Com- 
mittee on Locomotive Tests. The committee consist of Messrs. Forney, 
Thurston, and Woodcock. 

Mr. Forney, Bailroad Grazette— The Committee are obliged to present 
themselves without a report; they issued their circulars last Fall, but have 
not received the information asked for. The replies have been very few, and 
the data given so extremely meager that the Committee did not feel justified 
in making any report. Probably one reason why they failed to receive more 
data was because their circulars were issued very late in the season, and the 
severe Winter may have prevented members from making the tests asked 
for. The Committee are responsible for the delay in issuing the circulars, 
but they are not responsible for the severity of the Winter. Your Commit- 
tee therefore beg leave to report progress, and ask that they be continued for 
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toother year. They earnestly request members to give all the information 
thej can. They will issue their circular very promptly after the adjourn- 
nent, and hope that the members of the Association will make such tests as 
may be suggested/ and send such records of tests made in years past s» they 
may have. I know that many members of the Association have such re- 
cords. Our Treasurer has a perfect mine of such information, and if he will 
^Te it to us we will be able to make a very excellent report at our next 
Ganvention. 

On motion of Mr. Chapman the Committee on '' Locomotive Tests " was 
oi^ntinDed for another year. 

Xhe President— The next business in order is the report of the Commit- 
^ on Locomotive Construction, consisitng of Messrs. Sedgley, Young, and 

Seport of the Oommittee on LoeomotiTe Construotion. 

^ £he American Railway Master Meekaniea* Association: 

"SToar Committee, to whom was delegated this subject, issued to the 
o^ombers of the Association the following circular : 

CONSTRUCTION OF LOCOMOTiyES. 

^our Committee being desirous to present to the Convention, at 
ite next session, auoh new methods of construction as have been 
Mlopted by members during the past, or present, year, earnestly hope 
(^lieir subject being a general rather than a specific one) that all 
^bo have made any positive improvements will present to us, in a 
^linner as clearly and briefly as possible, the nature of such im- 
provements, exact method of construction, and wherein the improve- 
ment is positive and valuable. 

Your attention is directed to the following questions : 

'What improvements have you made in the construction of loco- 
motive boilers in reference, particularly, to the saving of fuel? 

Have you had any exprerienco with the Weston Patent Boiler ? 
^ BO, with what result as regards economy of fuel, facility of mak- 
*^ng steam, cost of oonstrnction, and maintenance, compared with the 
ordinary form of boiler ? 

Have you had any experience with the Jauriet Fire Box, and with 

nW result, as compared with the brick arch ? 
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Please give results of any experience with Bachanan's Water 
Table. 

What, if any, improvements have you made in valves, or maohin 
ery for working the same, resulting in a marked saving of fuel oi 
repairs ? 

What improvements in the construction of trucks under ^ont end 
of engine, and what advantage gained ? 

Have you found a perfect spark arrester, or smoke consumer, 
meeting all requirements? If so, please give detailed description 
of same, length of time used, and with what results 

Have you had any experience with engines of either Fairlie's oe 
Forney's design ? Do you consider the rigid wheel base of an aver- 
age American engine sufficiently destructive to justify attempts to 
work out either of the designs referred to ? 

Please describe any improved method of construction of locomo- 
tive engines, or any parts of the same, practicable and of real value, 
the knowledge of which would be of advantage to our fraternity 
generally. 

Your Committee do not care to present new methods which do nol 
possess positive advantages over the old, or usual, method. 

These circulars, it is presumed, reached each member of the 
Association ; but, much to the regret of your Committee, only fivi 
responded, to whom we are very grateful. That the replies have 
not been general may, perhaps, be attributed to the fact that an] 
experience with the inventions particularly named has been ver] 
limited, their use being far from general. 

Your Committee, after careful consideration, respectfully submii 
the following conclusions : 

OONSTBUOTION OF B0ILSB8. 

No replies that have been received point to any improvement ii 
the construction of locomotive boilers that have tended to increase 
the economical consumption of fuel. 

One of your Committee has tested a device for increasing th( 
heating surface in the crown sheet, by inserting a number of cas 
iron hollow globes, screwed by a neck, into the crown sheet. Whil< 
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P no acenrate experiments have yet been made to determine the amount 
' o:P hel saved bj this deyice, it is evident that some saving is effected, 
id no difficulty has been experienced from leakj joints, or from 
iTkd choking the narrow neck of the globe, although the water 
t laed by the engine deposits mud ftreely in oiher. parts of the boiler. 
W^c this device is used extensively in marine boilers, with apparently 
r^3od results, it would seem worthy of more extended trial. 

In reply to the questions concerning the Weston Boiler, no replies 
^ ^ve been received as to the cost of construction or maintenance, nor 
t mve the results attained, as to the consumption of fuel by engines 
^"ith this form of boiler, been sufficiently reported to us to enable 
^<mr Committee to state the comparative merits of the Weston and 
de ordinary boiler. Trials of this question are still in progress on 
^^3me important roads, and your Committee hope that some definite 
^ inclusions may be reached during the present year. 

The replies received from those members of our Association who 
ftve tried the Jauriet Fire Box do not enable your Committee to 
^^raw any definite comparison between that and the ordinary box with 
^9^ brick arch. No accurate experiments are reported upon ; and as 
^^ome of those who have tried the Jauriet Box report that they are 
^%^aking them out, your Committee presume that no practical advan- 
^^age has appeared from its use sufficient to induce a further trial. 

No replies relative to the Buchanan Water Table have been re- 
ceived, or any definite information obtained. 

With regard to valves and valve gearing, your Committee have 
^^received no replies that show improvements upon the practice already 
:xreported to our Association. The use of balanced valves seems to 
^l>e extending, and experiments are being made on many roads, with 
different dimensions of lap and lead, but no definite advance is re* 
:^orted in economy of Aiel over what has already been laid before the 
Association. 

Tour Committee believe that cheapness of construction may be 

[promoted, without incurring any risk of breakage, and with beneficial 

Tesults as to wear and feasibility of repair, by using cast iron for 

links. 

' Your Committee have received no communication describing any 

form of engine truck not heretofore commonly known. 

In the replies received to the question ' about a satisfactory form 
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of spark arrester, do information is given that leads joar Committee 
to belieye that any positive improvement has heen made over the 
ordinary forms of smoke stacks that have been in use during past 
years. Several patent stacks are reported on, but no very enoourag* 
ing results are recorded. One of your Committee, having visited 
England since our last Convention, was forcibly impressed with the 
fact that no trouble seems to be experienced there from the throwing 
of fire. By the courtesy of the Locomotive Superintendent of the 
London & North-western Railway he was permitted to ride upon an 
engine, during the night, and to try any means that might occur to 
him to cause the engine to throw sparks from the smoke stack ; but 
though he worked the engine up the grades with a full throttle, he 
failed to force any sparks to show themselves. 

It is a question worthy the solution, by experiment by the mem- 
bers of our profession, to decide whether this results from the kind 
of fuel consumed, or if the arrangement of nozzle and stack common 
in England would produce as satisfactory results in this country. 
The details practiced in England are sufficiently understood by the 
members of our Association to render it unnecessary to describe 
them here. 

None of the members replying to the questions of your Commit- 
tee report any attempts to use steam of a higher pressure than one 
hundred and forty pounds. 

To the question in reference to the results attained by engines of 
the Fairlie and Forney designs, no replies have been received from 
any members who have had experience with either of them. Tour 
Committee visited one road upon which a Fairlie Engine, modified 
by William Mason, has been running for about twelve months. 
This engine, after having performed very severe service during the 
whole time it has been running, shows no signs of weakness or defect 
in any of its arrangements; and it appears to your Committee to be 
fkirly established that, if it be thought desirable to adopt engines of 
that description, no praeticable difficulties will present themselves 
that may not be easily overcome. It would, however, be premature 
to pass a decided opinion upon so limited an experience, as difficulties 
may arise, especially in maintaining the boiler, under the heavy 
strains thrown upon it, beyond what are due to the steam pressure. 
If the objects sought to be attained be merely a powerful engine, 
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your Committee woald feel more confidence in recommending an 
9xsgine of the class known as consolidation. These engines, as now 
oonstrooted by onr best builders, do not have so rigid a wheel base as 
Dc&ight at first sight seem apparent. They pass around curyes as sharp 
ais are ordinarily found on our railroads without seeming to spread 
tlm< track or tear themselves to pieces, and we belicTe that for heavy 
noaountain grades these engines will well bear comparison with any 
e^m^gines in the world. 

Appended to this report your Committee present a letter from H. 
Gr^ Brooks, Esq., President of Brooks Locomotive Works, ezplana- 
t^ojy of the Roberts Patent Central Exhaust Engine, of general 
ix^terest to alL Respectfully submitted, 

JAMES SEDGLEY,! 

L. S. YOUNG, [ OmmiUee. 

HOWARD FRY, J 

The Roberts Central SSzhaust Engine. 

Office of the Bbooks Locomotive- Works, > 
DuNKiBK, N. Y., March 24, 1875. j 

J'^AjOEs Sedolet, Esq., Chairman OmmiUee, etc,: 

Mr Dbab Sir — I am sure I promised, when I saw you last, to 
^i^e you something on the invention of Colonel £. A. L. Roberts. 

I think we have seen enough of the working of the locomotive 

Constructed with the Roberts Central Exhaust Cylinders to be satis- 

fi^ that there is an advantage in a free, positive exhaust at or near 

^^e end of the stroke; the same at all points of cut off. It was to 

^Q expected that, in so radical a change, mechanical difficulties of 

S^^^Ater or less importance should manifest themselves ; but it is a 

^oxirce of no small gratification to me that no difficulties have been 

pTesented of such importance as to be insurmountable. There has 

1^>een really no improvement in the construction of the locomotive 

^ot many years, except in the direction of more perfect symmetry, 

«nd harmony of detail and proportion. We have still the same 

ilffioulty to overcome, growing out of our immense valves, the 

^^ocessities of oar long ports of admission and exhaust — a difficulty, 

^y the way, wkteh no balanced valve yet discovered has obviated. 

Indeed, my experience on the Erie Railway, with, at one time, one 
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hundred balanced yalves running in my loeomotives, odmprkii 
valyes of nearly e?ery kind in use, was summed up thus : that ti 
added depreciation, and cost thereof, of the details of these balane^ 
yalves, more than eompensated for any advantage we derived fro 
their use. 

The mistake we made in the construction of the central exhav 
cylinders was in not taking advantage of a short admission port ai 
a small valve, as we might have done. We are now oonstractii 
two cylinders to replace those now upon the <' Colonel Boberts 
with steam, or admission, ports only eight inches in length. Th 
we shall add to the advantage we gain in working the steam expa 
sively nine inches more on each end of the stroke, by the great 
diminished friction of our small valve. 

The experiments with this central exhaust have already demo 
strated fully to my mind (u a fact what has long been a theorotii 
opinion with me, viz.: that the necessities for our extremely lo 
ports lay entirely with the exhaust, and not with thp admission, 
we leave the same exhaust lines we may, in other words, close up t 
admission to one-fourth our present capacity without detriment. 

The advantages, therefore, which can be fairly claimed for t 
Roberts Central Exhaust Cylinder are these : 

1. A positive exhaust within three-quarters of an inch of the e 
of the stroke, entirely independent of the point of out-o£F. 

2. A perfectly free exhaust, not being confined to the intrioaei 
of the score and the passage under the valve. 

3. The ability to use a steam valve for admission, and admisaii 
ports of greatly reduced area, without detriment to the efficieoey 
the engine. 

4. The increased power as the result of the postponement of c 
haust, and the gain in less oompression practically. 

5. The ability to attain any speed, as the result of the perfi 
freedom of exhaust. 

6. The economy in fuel growing out of the advantages abc 
enumerated. 

Of this latter you can be a better judge, as you have had tl 
engine working under your own supervision. I am satisfied th 
when we get the advantage .of the cylinders I am now oonstnaetii 
together with the improved and much lighter piston than we ha 
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kexetofore used, we shall be still better pleased with her per- 
formance. 

7hat this inyentioa can be safely called an improvement I have 
no manner of doabt. I trust I may be able to finish the new cylin- 
d^Ts, and have the engine running, time enough before our Conven- 
tion in May to be able to collect some data of interest. Trusting 
tlus may be the case, I am, my dear sir, 

Truly yours, 

H. G. BROOKS, JP^esident. 

On motion, the report was accepted. 

Mr. Sedgley, Lake Shore & Michigan Sonthern — I move that we 'defer 
^^« discussion on this report nntii Mr. Brooks is present. He has some 
^ sowings which he wishes to submit to the Convention in connection with 
^^i« subject. 

Mr. Setchel, Little Miami Bailroad — Before the motion is put, I wish to 
^Cmte that we have here some drawings of smoke stacks which Mr. Sedgley 
^■"^eoeived too late to go into his report. They are on the table for the mem- 
^>«rs to examine if they wish. 

Mr. Sedglej's motion was then agreed to. 

Mr. Lauoeb, Northern New Hampshire Bailroad^-By my motion yester- 
^^y the further di&cussion of the report on the ^* Construction and Manage- 
^KiQent of Locomotive Boilers " was made the special order for eleven o'clock 
^o-day. I move that subject be now resumed. 

Mr. BoBiKSOK, Great Western of Canada— I would be very glad if Mr. 
£*omey would tell the Convention what we learned on this subject from 
^^rofesfior Thurston at the Stevens' Institute yesterday afternoon. Professor 
^Khurslon has been testing some new and old pieces of steel plates taken from 
l^ilem, and Mr. Forney has some memoranda furnished by the Professor of 
^lie results obtained. I doubt not the information would be very interesting 
^o the Convention. 

Mr. Forney, Bailroad Gazette — Mr. Brooks and Mr. Boon had sent me 
^liree specimens of steel, two of which had been used in a locomotive boiler 
«aiid the third was a piece of the same sheet which had not been used. They 
'Wished me to have Professor Thurston test them in order to find out their 
s^lative strength. Professor Thurston has tested them, and given me a 
Xnemorandum of the result, but I am not quite sure that I understand it; I 
^111, however, give you all the information that I have. 

Mr. BoBiNSOv, Great Western of Canada—I accompanied three gentlemen 
to Stevens' Institute yesterday afternoon, and this subject was one of the first 
things that we discussed with Professor Thurston. It was a most curious 
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fact that he had been trjing experiments with this tteel, and had arriyed tm 
results entirely the opposite of those shown us by our worthy Secretary onl^ 
a few hours before. The piece of steel shown us by our Secretary was 
perfectly ductile and pliable before it went into the boiler. Yet after onlv 
eleven months of use it became so bard and so nearly like cast steel that i' 
could be broken by a single blow of the hammer. The result obtained b^r 
Professor Thurston was exactly the opposite. If there is no objection bjT 
Professor Thurston, I would like to have his letter printed with our report 
as a sequel to this discussion, in order that we may have the conflicting; 
results both stated. 

Mr. FoKNEY, Railroad Gazette — I do not think that Professor Thurston 
would have the slightest objection to the printing of that report. He 
probably expected it to be printed. Mr. Sedgley has handed me a section 
of steel plate taken from a boiler that cracked. The point of fracture is 
still visible. It was bent cold into its present shape. I suppose if we want 
to know whether the steel is good we must bend it, and if it bends without 
fracture we will have to adopt the old lady's maxim, "it is either good or 
bad, we don't know which.*' 

Mr. Woodcock, Central Bail road of New Jersey — I have brought a piece 
of steel from the furnace of one of our passenger engines, showing a furrow 
near the bottom of the ring, and I would like to hear from some of the 
members whether they have had any experience of that kind. The furrow- 
ing has run nearly across the entire surface and has gone nearly through. 
That engine had run about two hundred thousand miles. I can not tell by 
whom the steel was furnished ; the engine was built at the Taunton Loco- 
motive Works. The furrowing was in the side right near the ring; I do not 
think there was any mud there as our engines are thoroughly cleaned once 
in every four weeks. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Bailroad — In answer 
to Mr. Woodcock's question I would state that I have frequently observed 
furrowing in sheets immediately along the top and bottom rings in the fire 
box, just as in the piece he has shown. I think that it is a very common 
occurrence, not only with steel but with iron also. In reference to the piece 
of steel that Mr. Sedgley has produced, it would seem to indicate that the 
steel, in one direction at least, is perfectly soft and pliable, while in the 
other it seems to have been brittle. I would like to ask Mr. Sedgley whether 
the crack shoWn on the edge of that sample occurred when the engine was 
being fired up or when it was standing cold. There is a fracture on the edge 
of it, and if I understand the matter it occurred at some time when the engine 
was standing still or was cold. 

Mr. Sedgley, Lake Shore & Michigan Southern Bailroad— I will state 
that the crack probably occurred while the engine was cold and empty — 
withont water. It is our practice, when we can do so, to blow them out and 
let them remain for six or twelve hours. If we blow them out on Saturday 
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we let them stand until Sunday evening before filling: them. Almost all of 
our fractures occur when the engines are cold. I have never had one occur 
▼ben the engine was warm. 

Ifr. Wells, Jefiersonville, Madison & Indianapolis Bailroad — I asked 
the question because I had a case or two verv similar to that. The sheet 
enured while the engine was cold, and in order to put on a patch I cut out 
the piece through the center of which this crack ran — a piece probably 
twenty inches long, with the crack extending nearly through it. When that 
l^eoe was taken out it was put upon an anvil and bent cold, without any 
annealing whatever, just as it was taken out of the fire box. It was bent at 
an angle of fifty-five degrees ; it showed no signs of fracture on the corner, 
whieh showed that in that direction at least the steel was pliable; but, for 
some reason, it seems that in the other direction it was not pliable and 
wonld not stand this tensile strain without breaking. It is a new fact to me 
that a metal may be so pliable as to bend in one direction without breaking, 
tat not in the other. We can all understand how a piece of steel will break 
when it is hard, but it would seem that it ought not to be brittle in one 
direction without being so in the other, I would like to know whether any 
other members of the Convention, who noticed the cracking of sheets, have 
observed the same thing. 

Mi. Woodcock, Central Bailroad of New Jersey — I have just had in my 
band a small piece of steel, taken from one of our boilers, in which the crack 
is square and white on one side, while the other side, showing the mark of 
the chisel, is to all appeaitinoes of a difierent nature. I have found that to 
be the case in a majority of instances. A gentleman has just asked me the 
qoeation whether there could be any difference in the steel from the way that 
it was pat in when rolled. I can not answer him, and I would like to know 
whether any one has had experience in that matter. The steel where the 
cracks occur appears to be of good quality. 

Mr. Setchel, Little Miami Bailroad — I have noticed that those members 
vho have a theory of their own in regard to the cracking of steel will almost 
invariably present it as a reason in every case that demands a cause. The 
laan who thinks that mud causes the cracking of boilers insists that there 
Qint have been mud there, and he cites you to instances where mud was 
fonnd in boilers that cracked. Another will have a theory that sheets crack 
only when they are too hard in the first place, and will insist that that was 
^ cause of the cracking. Here is a piece taken from a fire box, which is a 
little hard ; I expected some member to say that that steel was too hard when it 
^ put in, so I brought another piece cut from a plate that was soft when it 
^ put into the fire box, and is just as soft and ductile now ; this engine ran 
wrentjr-four thousand miles, while the other had run only twenty-five thou- 
**iMi miles. I suppose that that cracked because it was too Bofi. These 
<^tradictory cases are just what we want to investigate ; we do not want to 
^7 that steel cracks because it is too hard and that that is the only reason. 



or because there is mud in the boiler and that that is the only reason ; f(^ 
fire boxes do fail without any apparent cause, and where the best care S 
taken to prevent it, and where the steel is soft as well as where it is hard 
Now, if there is a quality in some steel that makes it act differently under th« 
same circumstances, we want to know what that quality is. 

Mr. Forney, Railroad Gazette— Mr. Wells, has propounded an interesting 
conundrum, whether steel gets brittle in one direction and tough in the 
other. I suppose that those of you who have the management of locomo- 
tives could test that and determine very readily whether steel does get brittle 
in one direction of the plate and become ductile in another. I am afraiJ 
that, in the consideration of this subject of the cracking of steel sheets, we 
may lose sight of the fact that iron sheets do the same thing. I would like 
to know what proportion of steel sheets crack and what proportion of iron 
sheets crack. Is cracking of the sheets more common when steel is usedd 
than when iron is used? 

Mr. Brooks, Brooks Locomotive Works— We must not forget in this dift- 
cussion the difference in service that locomotives are called upon to perfomb 
now, as compared with what they formerly performed when iron was usecb 
for fire boxes. Neither must we forget the difference in the method of con- 
struction of our locomotives. As locomotives are now constructed, th» 
outside connection being almost universally adopted, the boiler becomes 
really the basic element of the whole structure as I have before remarked. 
It is positively the frame of the engine, and the cylinders being attached 
directly to the boiler the forces taken up in the boiler are veiy much greater 
than they formerly were when the cylinders were attached directly to the 
frame, and with no attachment from the cylinder to the boiler except at the 
extreme end of the frame. This fact should be taken into consideration in de- 
termining the relative value of steel and iron; and we must be careful that we 
do no injustice to steel. My own impression is that if we were to use 
iron, copper, or any other metal, to the extent that we are now using steel, we 
should find, with our present methods of construction, that steel would bear 
the palm against them all. By far the greater number of steel boilers or 
the fire boxes now in use have given entire satisfaction, and we should not 
be in haste to condemn the use of steel because there are failures in some 
cases, but we should seek rather to discover the causes that lead to these 
faUures. 

Mr. Sellers, of Philadelphia — As there has been a good deal said about 
the cracking of steel I would like to relate a circumstance that occurred a 
year or so ago. A firm in Philadelphia, largely engaged in the manufacture 
of chandeliers, had a boiler that exploded, killing a number of persons and 
nearly destroying the building. They became very timid in regard to the 
use of steam and looked about them to find a very safe boiler. They 
r^'ected all the so-called safety boilers, and finally concluded that they would 
put in plain cylinder boilers, made with great care and of unusually thick 
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iron. Mesan. Morris A Co. built the boilers ; if I am not mistaken they 
were made of half-inch plates, which were selected with a great deal of care, 
and no expense was spared to make a good job. After a certain amount of 
use one of the boilers cracked about the middle of it They became very 
much frightened about it ; they had the sheet taken out and very carefully 
examined, which was found to be very good iron. '. Another carefully selected 
sheet was pat in the place of it. They had scarcely got that new sheet in 
before the next boiler cracked in precisely the same manner. They were 
still more frightened and had it removed and carefully examined, and then 
replaced with another sheet. Then the third boiler cracked, and by the 
time they got that mended the first boiler began to crack again. I was then 
asked to examine them. I found that the boilers were fixed rigidly at both 
ends and held up by a bar in the middle ; there was therefore a continual 
strain upon the boilers from the way in which they were set. It was simply 
a case of malpractice in the setting of the boilers, so that the boiler was all 
the time being bent by the process of heating and cooling, and this bending 
most of necessity crack them sooner or later. We altered the setting of the 
boil^v, and since then there has been no trouble. I only mention this to 
show that any metal will yield if it is abused, whether it be steel or iron. 
These cracks occurred nearest to one of the seams, and where the bending, if 
any occurred, would be rigidly confined to one point. 

Mr. Fby, Philadelphia & Erie Eailroad — I think the evidence thus far 
shows that certain roads in the country have had wonderfully good success 
in the nse of steel, and others seem to be very unfortunate. In collecting 
information on the subject I think that it would be very important to ascer- 
tain the particulars as to the best methods of constructing the boilers, both 
as to the setting of them and of fastening the boilers to the frames. Several 
members have referred to the boiler as being a portion of the frame of the 
engine. I know that there are many engine builders who consider this a 
radically wrong practice; they consider that the boiler has enough work to 
do in withstanding the steam pressure, and that we ought as far as possible 
to eliminate all other causes of strain from the boiler, and to make the engine 
siipported by its frame. I think that it would be of great importance to 
ascertain the method of constraction adopted in the boilers that fail and 
in the boilers that do not. I hope that, when this question is brought 
before the next Convention for discussion, this will be made an Important 
point. 

Mr. BoBiHSOH, Great Western Railroad— If Mr. Wells or Mr. Peddle 
will not feel annoyed I would like to ask them to tell a little more of what 
took place yesterday afternoon. I would like to have Mr. Peddle make the 
same statement to the Convention that he made to us yesterday. I will 
make a sketch to illustrate. I understood him to say that he tried an 
experiment with a square piece of steel, covering over a part of it with 
brick, and exposing the uncovered part to a high degree of heat, Fig- 
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ure 1 representfl the plate before heating and Figure 2 after heating. The 
plate was just twelve inches square ; sections A and B were eoTered withi 
brick) and the part G was exposed to the heat. Then the fire was allowed toi 
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cool down and then rekindled, thus being made alternately very hot and 
cold. After repeated experiments the plate took the form of Figure 2. The 
explanation of that was that the constant heating and cooling of this steel 
plate caused the plate to gather in upon itself. Professor Thurston thought 
that the middle part became slightly thicker. This seems to me to indicate 
another reason why fire-box sheets gire way. It is yery evident that the 
inside of the fire box must stand the strain that is caused by this ingathering 
as well as the longitudinal strain. This strain may be so increased as to 
cause fracture, and even a blow of the hammer at a critical time may cause 
the boiler to fracture, the crack starting from any point on that line.* If I 
am wrong Mr. Wells or Mr. Peddle will please correct me. 

Mr. Peddle, Terre Haute & Indianapolis Bailroad — ^I am much obliged 
to Mr. Bobinson for helping me out ; he has given about a correct statemeni^ 
of the matter. That sheet was heated seven different times ; when heated all 
over we only found a contraction of about four-thousandths of an inch ; but 
when we heated only a pcM-tion of it the whole diatanoe through, the 
effect took place which Mr. Kobinson has shown, I can not give the 
exact particulars, but we contracted the sheet in a longitudinal direc- 
tion over one-fourth of an inch; I think that the sheet thickened up 
somewhat. My idea is that the same action takes place in fire boxea. 
In the old wood-burning fire boxes I think we had no trouble of that 
kind as the heat was more difi*U8ed, but in coal-burning fire boxes the 
heat is concentrated up to a level, say from six to sixteen inc^ies above the 
grate, all around the fire box. The sheet is held in position by stay bolts 
on the end ; it can not give in that direction, and so it must yield in the 
center. We invariably find that the crack opens more in the center than at 
the end. I think we have an explanation of this in the fact that the steel 
gets overheated and then contraction must take place. I have had one or 
two iron boxes crack. There was an engine made, during the war of poor 
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iron, when good iron was very scarce, and the engine gave out in precisely 
the same way. I think, however, that a yery small percentage of iron boxes 
giye out in proportion to those made of steel. On our road we ayerage fiye 
fire boxes per year giying out in that way. The gentleman may suppose 
that it is owing to the accumulation of mud, but when a man has fiye fire 
boxes to repair in the course of a year he is pretty apt to look for the cause 
of the cracking, and to use eyery efibrt to ascertain where the trouble is* 
We use eyery care in cleaning out the boilers, and neyer wash them unless 
they are thoroughly cooled down. When an engine comes in we let it stand 
six or twelye hours, then the hose is put on the feed pipe and the water is 
turned on ; at the same time water is blown off at the blow-out cock, so that 
tha« is a gradual change in the temperature. After awhile all the water is 
allowed to run off through the blow-out cock, and then, after waiting a little 
while, the water is run in again and the boiler filled up, and it is generally 
when the boiler is being filled that these cracks occur. 

Mr. Hates, Illinois Central Bailroad — Can you tell me by what process 
that steel was manufactured, whether it was Besemer, Crucible, or the 
8eimeii*Martin steel? 

Mr. Peddle, Terre Haute & Indianapolis Railroad. The Bay State steel 
giyes Ofl the most trouble, and I think that the locomotiye works from 
which we get our locomotiyes haye decided orders to not use that steel any 
more. I think that I was the first to make complaint of the quality ; and 
aifter considerable correspondence I got a letter from the firm stating that 
they had abandoned the use of that steel. I do not state this to injure the 
manafactarers but to state a fact. We haye had some trouble with the 
Crupp steel, which is excellent for eyery other purpose; but I think we 
hmye had poorer results from the Bay State steel in fire boxes, than from any 
other that we haye tried. 

Mr. Hnx, Camden & Atlantic Bailroad — ^We neyer allow the fire to be put 
out in our locomotiyes but once a week, and I haye neyer had any yery great 
difficulty with steel fire boxes. I had one engine running for fourteen years 
with ft sted fire box, and I considered that after running the boiler for that 
length of time it was safer to take it off the road, and as it showed a general 
weakness all oyer I condemned it and took it out of seryice. I would 
recommend cleaning boilers once a week; I think that would preyent a 
g^reftt deal of trouble in the cracking of the side sheets. 

Mr. Hayes, Illinois Central Railroad—I had not intended, Mr. President, 
to say anything on the subject, for fear I might again be accused of beating 
around the bush ; but, as I haye considerable trouble with the cracking of 
fire boxes and feel quite interested in this subject, I will giye some of my 
yiewB and experience. The most of our furnaces in the West are made of the 
Crucible steel. In fact, I belieye all of our engines with two exceptions, are 
made of that steel. Those two are made of the Siemen-Martin steel, and 
cracked in three or four months after they were put into use, the others had 
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averaged from two to seven years, but some of them cracked after being i 
for only a few months. Thus far, we seem to have been discussing only thea 
facts, but the cause of this cracking is what we want to get at. What is thea 
cause? That steel does take a chemical change after being used for a certain 
length of time appears to me self-evident ; but what it is that produces that 
change, or how it is produced, or what means we shall use to prevent it, I 
don't know, and is what I would like to get some light upon from this Ck)n- 
vention, as we have all had more or less trouble from this cause. The ex- 
periment of our friend Mr. Peddle reminds me of some experiments that I 
have made. A few weeks ago I tried an experiment with a sheet nine and 
three-quarter inches square. I planed up two sheets of exactly the.same size, 
one of which I heated six times to a cherry red and then cooled it off sod- 
denly in water, and I found that over the edges it shrank just one-fiftieth of 
an inch, while across the metal it retained its original size. I then doubled 
it down without any fracture whatever; I also took another sheet which had 
not been subjected to heat, and I found that it bent down readily. I then 
cut off a piece and put it in a hydraulic press and pulled it in two. I found 
that the sheet that had not been heated stood sixty-four thousand pounds to 
the square inch, while that which had been heated ran up to ninety thousand 
pounds to the square inch, showing that the steel actually increased in 
strength by. being heated and cooled off. I think that all steel shrinks more 
or less under such treatment. I remember in 1852 of having an engine upon 
the Baltimore & Ohio Boad made for the use of wood fuel. The engine 
had run for twelve months, and one day while standing in the shop at 
Wheeling, cold — it had been standing there twelve hours — all at once it went 
off with a report as loud as a pistol ; soon they observed water running from 
the ash pan. They looked in and found that the sheet had cracked from the 
top to the bottom ; the furnace was perfect in every other respect. If any 
one can enlighten me as to the cause of such failures, or tell me how to pre- 
vent it, I should be glad to have the information. 

Mr. Wells, Jeffersonville, Madbon & Indianapolis Bailroad— I have had 
some experience in the use of iron boxes for a number of years while we 
burned wood, and during that time I found as much trouble with the iron 
sheets cracking as I have since had with the cracking of fiteel sheets with the 
use of coal. I think, however, that if we used iron now instead of steel with 
our coal burners, we would have very much more trouble with its cracking 
than we had when using wood. We know that in a wood-burning locomo- 
tive the fuel is heaped up over the grates almost to the crown sheet, and the 
fire on top is pretty nearly as hot as at the bottom. The fuel lying im- 
mediately against the sheets, heats the top part as much as the bottom, and 
it prevents any unequal expansion, and for that reason, there is not so much 
strain brought upon them, and they do not break so readily. If I can have 
the use of that blackboard for a minute, I would like to call the attention of 
the Convention to the strains that are probably brought upon the slteets of 
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fire boxes by the unequal teraperatare in the sheet. I do this with a view 
of calling your attention to that particular matter, so that we may more 
thorouithly investigate that subject, and see if we can arrive at some reason 
why these sheets break. 

Mr. Bbooks, Brooks Locomotive Works — ^Will Mr. Wells allow me to 
interrupt him? I presume that all the Master Mechanics present would 
very much like to hear Mr. Peter Cooper, who is now present with ur, and I 
therefore move that we postpone the discussion of this question for a few 
minutes to give that opportunity. We would all be very glad to have 
Mr. Cooper address us. 

Motion carried. ^ 

The Pbesident — Gentlemen, I now have the honor of presenting to you 
Mr. Peter Cooper of this city — the pioneer builder of locomotives in this 
country. (Applause.) 

Mr. Peter Coopeb, of New York — Mr. President and gentlemen, this is 
something entirely unexpected to me. I had no idea of being called upon 
to speak to you this morning; but since you have called upon me, and as 
this is a very important question that you now have under consideration, I 
may be able to call your attention to one or two things which may not have 
been brought within your observation as they have within mine. You see 
on that shelf a working model of a steam engine made entirely of glass. 
That engine has been exhibited before the classes here many times to show 
the effect of steam in its various operations, and as it was exhibited there 
was one thing developed which struck me as well worth noticing. The three 
jars which you see are the boilers where the steam was generated by the 
burning of gas below. When the engine was running regularly I noticed, 
by accident, that when the man would raise the safety valve and let the 
steam blow off beyond the supply of the engine, as soon as the safety valve 
was raised, and while the engine was running, the water would rise in those 
boilers some two inches up against the sides. That developed to me one of 
the dangers in the use of engines which all engineers should be aware of: 
that whenever they find that the boiler iron has been exposed to the fire by 
reason of the water getting too low in the boiler, they should close it all 
right down, and even stop the engine, if they can, instead of letting off 
steam. By letting off the steam, the additional water rising up in contact 
with the heated iron creates such a volume of steam that the safety valve 
can not discharge it sufficiently quick to prevent an explosion. I thought 
that this fact might not have come to your observation, and as I was unex- 
pectedly called upon to say something, it struck me as one thing that, per- 
haps, might be of interest to you. They tried the experiment over and over 
again, with the same result: the water would rise each time some two inches 
on the side of the boiler. If the boiler had been sufficiently hot, above 
where the water in ordinary usage is found, then it would have been forced 
up by reason of the excessive amount of steam generated, and produced an 



explosion. This fact may be worth remembering by engineers, that thej 
should be careful, in letting off steam, that the water in the boiler is no^ 
allowed to rise above the place it usaally fills. A gentleman has just asked 
me to say something about a very little, insignificant locomotive which I 
made, I think, in the year 1829. Yon will see how insignificant it was when 
I tell you that the cylinder was only three inches in diameter, with a four- 
inch stroke. It seemed presumption to suppose that such an engine could 
do any thing on a railroad, and particularly on a road where there was ft 
grade of eighteen feet to the mile, and curves of only two hundred and fifty 
or three hundred feet radius. I had been drawn into a speculation in Bal- 
timore about that time, with two men who represented that they had very 
large means. We bought together three thousand acres of land, extending 
some three miles on the north side of the harbor at Baltimore. After I had 
been in partnership with them but a very little while, and had paid my por- 
tion of the purchase money (we bought the whole tract for one hundred and 
five thousand dollars), I found that I had paid my part while they had paid 
nothing, and that I was even then paying their board bills. They proved 
to be irresponsible men. What to do was the question. I insisted at once 
that they must either pay up or sell out I was willing to buy or sell, which- 
ever they chose. They could not buy, and so, after a good deal of bargain- 
ing, one man was induced to take ten thousand dollars for his share, and I 
paid it to him at once. The other, after a while, agreed to go out for a little 
less. After purchasing their interests I had an elephant on my hands, and 
the question was what I should do with it. I had to leave my business here 
while attending to this business in Baltimore. When the Baltimore & Ohio 
Bailroad Company started, it started under very high expectations of for- 
tune to all who were interested in it. I remember that Mr. Patterson told 
me that they then thought that the road would be so prodigal in its returns 
that they could afford to make the rails of silver. That was a very extrava- 
gant idea, to be sure, but that is what he said. Instead, however, of accom- 
plishing such a result, they found at the end of one year that they had spent 
their first five per cent, of capital, and had demonstrated the fact that they 
must change tlie location of their road, in order to avoid the very short turns 
which they had at first adopted to save expense. They had learned from 
their own experience, as well as from the opinions of competent engineers 
from England, that no road could be successfully run with locomotives on 
which there were curves of less than three hundred feet radius, and on that 
road they then had curves of one hundred and fifty to two hundred feet 
radius. There were a number of short curves of that kind. The Company 
were plunged into despair, and the principal stockholders determined that 
they would no longer pay up the assessment on their stock. In the abandon- 
ment of that road I saw the defeat of my enterprise. It would have been ft 
terrible defeat to me, for I saw that the growth of the city of Baltimore 
depended upon the success of that road, and I had purchased that tract with 
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a view of taking advantage of the rapid growth of the city which was antici- 
pated. I saw that my land was likeij to remain for a great while before it 
oould he of use, simply becaase they coald not nse the locomotives they then 
had on the road as they had constructed them. I said to the President and 
a few of the Directors who were principally interested that, if they wonld 
hold on, and not sacrifice their stock for a little while, I would put a small 
locomotive on which, I thought, could pull a train around those short 
ciiryes. So I got up a little locomotive. I happened to have an engine in 
my factory, which I took on to Baltimore, and with some old wheels that I 
got at the railroad shops, I rigged up a temporary locomotive, and I think 
it was about as temporary as any you ever saw. When I got ready for an 
experiment I invited the President and Directors to go out on it. The 
engine was a new construction altogether. It was a peculiar kind of an 
engine, which I had gotten up for experiment, and for the purpose of 
demonstrating a fact which is, perhaps, worth noticing — and I think the 
day will come wh^n the principle embodied in that engine will be success- 
fiUly demonstrated as correct. I got the idea that there was a great loss of 
power in getting a rotary motion through a crank, and I saw the way to get 
clear of it. I described the method as well as I could to a young engineer 
of the Sterling Iron Works (this was more than fifty years ago), and he 
seemed to understand how to do it. I agreed with him to get me up a little 
engine, and he did so. When it was done he notified me that it was ready 
for experiment I went down to Baltimore to try the experiment, and I got 
permission to attach it to the boiler of an engine three times the size of 
mine. They were boring a steam cylinder with it, and doing nothing else. 
One dropped the work and the other took it up, while the safety valve was 
balanced exactly, and it did not take two minutes to perform the operation. 
To the astonishment of all who saw it, the little engine did the work. I 
remember the remarks of an English engineer who was there at the time. 
He looked at it with astonishment, and then said : " If any man had told 
me that that engine would do that work, I would have told him that he 
knew nothing about mechanics. I now see that we will yet cross the Ocean 
in six days." That was fifty years jigo, and we have come pretty near his 
prediction^ To give you an ideai#C how the locomotive looked, I will 
describe it in a few words. Just imagine a steam cylinder, with a piston rod 
going entirely through it. Imagine a chain at each end connected with the 
piston rod, and the chain passing around a wheel at the top, and another 
wheel at the bottom. With the piston rod this made the chain end- 
less. Then imagine the chain bolted to the top and bottom wheels. 
Then I put a chain upon the other two wheels, and crossed the chains so 
that (me was loose at the top and the other fast at the bottom. When the 
engine made its stroke it made alternate motions. There was a catch that 
caoght on the edge of the flange. These catches were borne up by a spring 
behind them, and as itf made this motion one way the catch was perfectly 
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free to slip, and the instant it stopped the other was ready to take it up and. 
carry it on. In this way the rotary motion was kept up about as perfectly^ 
as yon can imagine. It worked well until the edge of the cogs began to 
wear, and the hard strain caased it to slip. That discouraged me from 
making a larger one. I got it all ready to run, and had a temporary track 
in the shop on which I could run it backward and forward by way of ezperi«- 
ment. While I was away for a little while, after I had got it all ready to 
go on the road, somebody ran it backward and forward on this temporary 
track, and not understanding the operation, ran it so hard that they broke 
a piece out of one of the wheels. It was a good deal of trouble to get 
another; but I did get another, and put it on, got it into the railroad house, 
and got up steam over night, ready to make a start in the morning. The 
President and two other gentlemen stepped on the locomotive, and we went 
out a little way and came back. I felt confident that the next day we would 
go out with it and have a fair trial. The next day came, but again some- 
thing had happened to my locomotive. They had been running it backward 
and forward again, and had broken another piece out of my wheel. So I 
was delayed until I could get another one made. I had another one made. 
I was standing by the man watching him as he was finishing it off, and 
thought we would soon be ready for a start; but, as bad luck would have it, 
when he was putting the last touches upon it, it slipped out of his hand and 
broke another piece off. Thought I, the fates are against me. I took that 
same little cylinder, put it on a cross head with a bottom bar, piston rodi 
and a couple of little shackle bars, with a crank and a cog wheel, and put 
the locomotive on the road. When I got all ready I invited the Directors 
to come and witness the experiment. Just then another little accident hap- 
pened that I must tell you about. Some good-for-nothing fellow had run off 
with the copper pipes just for the old copper. I got them fixed, and again 
invited the Directors to come and witness the start. That time I succeeded 
in getting off. I got thirty-six persons in one car iind hooked on to it. The 
locomotive carried six men, besides its own fuel and water. You would 
think that so small a cylinder would not be able to do the work, and the 
boiler was only about as big as a flour barrel. It was a tubular boiler, with 
iron gun barrels for the tubes 1 I feaM that I would not be able to get 
steam enough out of that boiler, and so I attached a blower such as you 
never saw, I guess. I screwed a crooked joint on the top of the smoke stack 
to hold my blower, and carried a belt down over a wheel on the shaft, and 
so I got up speed enough to run it. I found that I had sufficient power to 
draw the shavings right through the boiler. I put my blower on and got up 
the steam. I set my safety valve at the amount of steam I wished to carry, 
but I found that the steam blew off too fast. The safety valves would dis- 
charge the steam so rapidly that I thought all of the water would go out of 
the boiler. I could not conveniently alter the safety valves, and I knew 
that the boiler was strong, so I put my hand on them and held them down. 
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Insignificant as that little engine was, we made the trip of thirteen miles in 
an hour and twelre minutes, making all the short turns, and demonstrated 
the fact that a locomotire could be made which could go around those short 
cnrres, the thing that I set out to do. We had it down hill in coming back, 
and made the run in forty-seyen minutes. Some four years ago I met Mr. 
Latrobe, then the counsel £or that road, at Newport, and he asked me if I 
had received a pamphlet from him. I told him that I believed not. Said 
he : " Then I will send jou one. I was one of jour passengers on that 
trip to Ellioott's Millsj and took particular note of every thing that trans- 
pired, and of every mile we traveled, and of the minutes and seconds we 
were in doing it." . He said that he had been delivering an address before 
an assembly in Baltimore, and had taken the opportunity to describe this 
trial trip. He sent me the address, and it gave me information which I was 
not aware existed. I believe that that little engine, simple as it was, had a 
good deal to do in stimulating the people to go on with that railroad, which 
is now such an honor to the country through which it passes, and in which 
the whole country may well feel a just pride. But I will not occupy any 
more of your tin^e. I had no expectation of being called upon to say any 
thing, but willingly give you the little information I have. 

. On motion of Mr. Garfield a vote of thanks was tendered Mr. Cooper for 
his kindness in addressing the Convention, and on motion of Mr. Brooks a 
re'feess of ten minutes was taken in order that the members might be person- 
ally presented to Mr. Cooper. 

After recess, the President requested Mr. Wells to proceed with his 
explanation of the drawing on the board. 

Mr. Wells, Jefiersonville, Madison & Indianapolis Bailroad — I want to 
call the attention of the members of the Convention to the unequal strain 
in sheets caused by unequal temperature. The diagram is intended to rep- 
resent the side sheets of a fire box. It is very evident that the part of a 
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sheet which is directly in contact with the coals will become much hotter 
than the portion of the sheet above. The temperature at C is nearly double 
what it is in the balance of the sheet, and the expansion of the metal must 
necessarily be nearly doubled. Now, if the distance on that line C be less 
than the expansion, or if the expansion exceeds the elastic limit of the 
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metal, then it must thicken up. It is impossible to stretch the upper part o- 
the sheet and stretch the bottom part of it with the small amount of meta^ 
that is so highly heated, because the portion of the heated metal is small in 
comparison with that which is comparatiyely cold; it seems to me, therefore-, 
that the metal at C, as it is not able to expand the balance of the metal, will 
thicken up just as wheii you bend a piece of iron beyond the Mastic limit, if 
will thicken on the inside. As soon as the sheet is heated there is no dangec 
of any rupture, but when the sheet cools down there is danger; and it is im- 
portant for us to know what is the condition of the sheet when it is perfectly 
cold. If the metal at G thickens up and accommodates to the space it occu- 
pies when hot, then when the whole sheet cools down the metal at C must 
necessarily be too short. It must then stretch out again. If the metal ia 
not sufficiently pliable to permit it to draw out and fill the space, then it will 
break or crack. As long as the metal is flat there is no danger of cracking, 
but every time the boiler is fired up and run with a heavy fire the metal at 
must thicken up or shove together to accommodate itself to the circum- 
stances; and when it is cooled down again it must elongate. The question 
is, what effect does that contraction and expansion have upon the metal? 
When this thickening up and drawing out is going on day after day. is it 
not reasonable to suppose that it will in some way affect the metal itself the 
same as an undue strain affects an axle, or as an undue vibration will a£fect 
a piece of iron ? There is an unequal strain brought upon the metal from 
the fact that the metal all around the fire box is expanded, and it does not 
expand alike in all directions. This is a matter to which I wish to call the 
attention of the Convention. I do not say that that is really the cause of 
the sheets cracking, but it looks reasonable to me to suppose that that force 
continued for some length of time will eventually destroy the sheet in that 
particular. The more highly heated this part of the shieet G the greater the 
expansion, and the greater this thickening up will be, and when it cools 
down again the greater will be the strain brought upon it to bring it again 
to its original position. Where bad water is used, and a scale accumulates 
in the inside of the sheet, then the part along the fire box is very much 
hotter than it would be if the sheet were entirely free from scale. If that 
be the case then this thickening up and elongating will occur to a greater 
extent than it will when the sheet is clean. That fact seems to me to ac- 
count for the difficulties which result from the use of very bad water. When 
wood is used as fuel we do nqt see precisely the same results as when coal is 
used. In using wood the fuel often extends up to the crown sheet and lies 
immediately along side of the side sheets. The sheet 'at the top is perhaf^ 
not quite as hot as the sheet at the bottom, but it is very nearly so, and 
therefore the expansion is more nearly equal. But with coal the fuel ex- 
tends but a very short distance up the side sheet, and the part opposite the 
coal is very much hotter than it is above ; therefore, the expansion is un- 
equal. As far as my observation goes when sheets crack, the crack invariably 
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OGcars about the center of the sheet, oommencing, perhaps, at the top of the 
grates and extending upward. The metal on the line C thickens up, and 
when it is cold may, perhaps, be on sufficient tensile strain to start a crack. 
If a little crack starts next to the stay bolt, then the strain that that point 
originally had is thrown immediately above, and the consequence is thai 
there is a tensile strain on that point tending to pull the metal apart ; and 
when it starts, no matter how little, the probability is that the crack will run 
up and down, just as we haye heard described. I mention this matter to 
the Convention for their consideration and investigation. We can all think 
it over, and, perhaps, during the next year can gain tome further light on this 
subject. 

Mr. Sellers, of Philadelphia— I would like to ask Mr. Wells why the 
same effect does not occur in the fire door or the flue sheet. Are they not 
subjected to the same heat ? 

Mr. Wells, Jeffersonville, Madison & Indianapolis Bailroad — I will ex- 
plain why I think it does not. If the sheet were very narrow at C the 
difference in the expansion of that piece above and the piece below would 
be less. The sheet being narrow it would more easily accommodate itself 
than a very wide sheet. I think it will be found that where the sheets are 
wider the greater is the danger of cracks in the middle of them. If a sheet 
is very shallow in this direction — ^length of box — then the danger from 
rupture through here would be decreased, because there is then only a small 
portion that is at a lower temperature, and that expands the surrounding 
parts, and thus the di£Eerent parts will accommodate themselves to each 
other. Some of the gentlemen have spoken of a fire box constructed with a 
seam running through at B, and they stated that they had no trouble with the 
sheets cracking. That was, perhaps, due to that seam. The seam will give 
more readily than the solid sheet. If the cause of the sheets breaking at B 
is on account of the metal shoving up and then thickening until it finally 
crystalizes or hardens, then it would seem that a remedy could be had by 
patting two or more little curves in the middle of the sheet. It seems to 
me that that would give it an opportunity to adapt itself to a difference in 
the temperature. The only question then would be whether there would be 
any liability to rupture at those points on account of the bending of the 
metal. It seems to me that if those corrugations were to be put in they 
should be put in between the bolts, so as not to confine them, but to allow 
them to spring in and out. 

Mr. Fbt, Philadelphia & Erie Bailroad— I would like to inquire from 
some of the members if it is a fact that the side sheets are the only ones that 
give any trouble. I think one of our members asked if the same effect 
would not be produced upon the flue or end sheets. I do not know but that 
I ought to apologize for rising so often and asking for information without 
giving any ; but I believe that at all entertainments it is as necessary to have 
good listeners as it is to have good story-tellers, and owing to my having 
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changed location during the past year I have no new facts of mj own tc 
bring forward, but I can assure members that I am a most excellent listener^ 
I am paying great attention and taking great interest in all that is said. A 
road that is probably better represented than any other in this Conyention 
(there being no less than six of its officers present, the most of whom have 
had great experience in the use of steel), has not yet been heard from upon thig 
subject, and I would like to call upon the officers of that road to give us the 
information that we are after. I dare say that they have not been willing ta 
proffer the information owing to the natural diffidence and innate modesty 
that has always characterized the officers of the Erie Railway ; but I think, 
as that road is so largely represented, we ought to have some information 
from its officers. I have learned several interesting facts from members of 
that railway. I have been told that they have a steel fire box differing from 
the usual mode of construction, which has been running for thirteen years 
and shows no signs of deterioration. As it is our object to ooUect all the 
information possible, I beg leave to call upon some gentlemen of that road 
for particulars. 

Mr. Clare:, Lehigh Valley Bailroad — Mr. President, as the gentlemen 
referred to do not appear ready to respond, I wish to ask Mr. Wells how he 
knows that the sheet is hotter at the lower part than at any other side of 
the fire box. My experience is that heat goes up and it is distributed by the 
water and that one part is as hot as another. 

Mr. WblIjS, Jeffersonville, Madison & Indianapolis Bailroad — I have not 
tested it with any instrument, but I only infer so from the fact that it seems 
natural that the part of the sheets nearest to where the heat is generated 
must, as a matter of course, be hotter than parts that are further away. The 
sheet above, of course, has water inside of it the same as it has below. If 
steam is made to form very rapidly at C, it would be very natural to suppose 
that a certain portion of the surface of that sheet is in contact with the 
steam that is formed, and if it is in contact with the little globules of steam, 
then it must obtain more heat than the parts above and farther away. It 
seems reasonable to suppose so, and the indications of the bolts and the sheet 
itself seem to show to me that there is a great deal more heat opposite the 
fire than there is above. 

Mr. BoBiNSOK, Great Western of Oanadar~I think Mr. Wells stated that 
the fire was much hotter down at the bottom than it was higher up, and that 
this difference in heat was in consequence of the fact that in wood-burning 
engines the fire was deeper than the fire in the coal-burning engines. I take 
Mr. Wells' remarks to mean that a coal fire is hotter below and cooler above 
as compared with a wood fire. That brings me to ask him a question. Wc 
have about twenty locomotives with solid rings around the door. Those 
engines give no trouble while we burn wood in them, but as soon as we altei 
one so as to burn coal in the engine a series of fractures dart around thi 
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solid ring on the inBide of the eteel fire box ; and we are forced to avoid 
patting any coal into them. With those engines that are built withou^ 
the solid ring we haye no trouble. Can Mr. WelU, or any one, explain 
the cause of this trouble which would seem to indicate that the heat was 
greater on the upper part of the sheets with coal fuel than with wood ? 

Mr. Wells, Jeffersonyille, Madison & Indianapolis Railroad — There is 
one reason why the ring around the fire door will crack more readily when 
coal is used than when wood is used, and that is because there is more 
hydrogen in the coal than in the wood ; and this is especially true when soft 
coal is used. There is no door in a locomotive but what leaks more or less, 
and thus allows air to pass in. This heated hydrogen comes to the door and 
meets the oxygen of the air, which gets in around the door and burns on the 
instant, just the same as a gas-jet will burn. Perhaps on that account there 
may be more heat at the door than there is with the wood fire. At the same 
time it is altogether probable that the whole inside surface of the fire box is 
at a higher temperature when coal is used than it ordinarily is with wood. 
There may be some other reasons for the ring leaking. I have^had occasion 
to replace those rings even with wood-burning engines. A solid ring will 
last, perhaps, for a year or two without giving any trouble, and it may last 
three or four years, and even longer. But even then with wood-burning 
engines I have frequently observed that they will leak. 

Mr. Brooks, Brooks Locomotive Works — ^I shall have to offer the same 

apology that Mr. Fry has made for consuming so much of your time. It 

seems to me that there is a misunderstanding with regard to the exercise of 

the forces that are brought to bear inside of the sheets of the fire box, as to 

the quantity and quality of those forces. It is not a heavy strain suddenly 

. brought to bear that does this work, but it is the minute strains continuous 

and consecutive. The last discussion illustrated something of that character. 

Mr. Robinson says that in hb solid rings he has trouble when using coal for 

fuel, but that in his open flange sheets there is none. Now, I take it that 

that difference is the same as there is between the square shouldered axle 

And one with a fillet. There is no more strength by putting the fillet there, 

bat the difference is this : that in the one case you have an abrupt line 

termination of your vibrating force, and in the other it is diffused. You see 

this idea illustrated by the man in the circus who throws up a cannon ball 

and receives it on the back of his neck. He elongates that force through a 

quantity of time. In the curved form of the door sheet you bring in that 

principle. You elongate the period of the reception of one of these minute 

forces through this curve, while in the other case you terminate the force 

exactly at the rivets, and, therefore, there is where your strain is. If you 

wiU observe you will find that in almost every case the effects described are 

due to this cause, that in certain circumstances there has been a termination 

of these forces at a fixed point, and this termination has finally resulted in 

fifacture. 
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Mr. Sellers, of Philadelphia — Lei me ask Mr. Brooks how it is that the 
crack occurs in this square shoulder when one kind of fuel is used and does 
not when a different fuel is used. 

Mr. Brooks, Brooks Locomotive Works — ^The force .exerted is the same 
in quantity but not the same in quality. In the one ease it might take a 
thousand years to effect a certain result, while in the other it may be 
effected in a short time. The difference in result is not due to the quantity 
of the forces brought to bear so much as to their quality, and in its effects 
there is a vast difference between a coal fire and a wood fire. 

Mr. Sellers, of Philadelphia — Excuse me for interrupting you again, 
but the President of Stevens' Institute is present, and I would like to have 
him say a few words about the molecular changes that take place in iron. 
I intended to make some remarks myself upon this subject, but he is much 
better fitted for it than I am. If wrought iron is struck ever so light a blow 
it changes its condition, and he can relate an experiment which he made to 
illustrate this principle. He can show you how a piece of iron when struck 
even with the hand changes absolutely its molecular conditions. 

Professor Morten, of Hoboken— Mr. President, Mr. Sellers has asked 
me to state this fact, and I will mention it in as brief a form as possible. 
You are, of course, all familiar with the character of magnetism. It was 
shown long ago that when a bar of iron becomes magnetic its physical struc- 
ture is changed — it elongates. You may take a bar of iron and fix it so that 
an accurate measurement of its length is accomplished, and then magnetize 
it and it will grow longer ; it will move the index of the instrument and 
show that it has grown longer through the molecular changes of its compo- 
sition. That being understood, we will next notice the feebleness of the 
force that is needed to produce such a definite change. We all know that 
the earth has magnetism. We are all familiar with the mystery of the 
attraction of the needle to the pole, which is taken as a type of constancy. 
But the constancy of the needle to the pole is a constancy that is very easily 
overcome. It is true to the pole only so long as there is nothing to disturb 
it. The feeble force which acts upon the needle makes it turn toward the 
north pole. If we hold a bar of iron in such a direction that the magnetism 
of the earth acts upon it favorably, it will become for the time being mag- 
netic. If we bring a needle near it, it will attract the needle. It becomes 
magnetic by reason of the same influence which we see making the needle 
point toward the north. That faint force has affected the molecular structure 
and made the iron magnetic. If the bar of iron is then placed in an unfa- 
vorable position it loses all its magnetism. But, if while in this favorable 
position we strike the bar with the hand and then test it with the needle, we 
find that it has retained its magnetism. That feeble force aided by the shock 
given to the bar, has effected a change in the molecular particles of the iron 
which is apparent. I mention the feebleness of the force to show how little 
it takes to affect the molecular structure of a bar of iron. The experiment 
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that I have mentioned is not one of mine bat that of one of mj colleagues, 
who has given a great deal of attention to the subject. Mr. Sellers called 
apon me to describe it, and I have given you the description as an illustra- 
tion of how little it takes to change the structure of a bar of iron, provided 
we give it a jar or shock sufficient to set it in vibration. 

Mr. Setchei*, Little Miami Bailroad — ^There is one idea connected with 
the explanation that Mr. Wells has given, that, to any one not better posted 
than myself, would seem a little strange. Mr. Wells asserted that the sheet 
was much hotter below than above, but there has been no test made to ascer- 
tain that fact. There is, however, a little test that has been known to us for 
a long time that seems to me to contradict that assertion. You can take a 
boiling tea kettle from the hottest coal fire you can make and put your hand 
on the bottom without being burnt. 

Mr. Sellebs, of Philadelphia — Can you do that ? 

Mr. Setchel, Little Miami Bailroad — Yes sir ; I have tried it, and that 
being the case, how can that portion of the sheet in contact with the fire be 
hotter than it is above? 

Mr. Seixess, of Philadelphia — Is not that the fiact only when wood is 
bomed? 

Mr. Setch£I«, Little Miami Bailroad — No, sir ; I stated a coal fire. Any 
of you can do it if you desire to try it, 

Mr. Sellers, of Philadelphia — ^How long had it been on the fire ? 

Mr. Setchel, Little Miami Bailroad — ^It had .been boiling long enough 
for the steam to issue from the spout. 

Mr. Wells, Jefiersonville, Madison & Indianapolis Bailroad — I only 
explained that the point where the difficulty occurs is not at the bottom of 
the boiler, but is, perhaps, a foot above. As Mr. Setchel knows very well 
the grates are set up generally eight or nine inches above the bottom rings, 
and the overheating occurs probably at the top of the fire or a little above 
that. There is where we usually find the most difficulty ; there is plenty of 
room for the cold water to come to that point. 

Professor Mobton, of Hoboken— I think it may be interesting to draw a 
little attention to the very remarkable experiment which has been mentioned, 
and which is one well known for a long time. It admits of a rational explana- 
tion. Of course, if the hand were in contact with the iron, which was itself 
in contact with the boiling water, the hand would be scalded or burned. 
The hand can not stand the temperature of boiling water ; but if a tea kettle 
has been used over a bituminous coal fire it can not be used long without 
getting a thick coating of lampblack or fine carbon upon it, which is a poor 
condactor of heat, and therefore, when the hand is placed on the tea kettle, 
it 10 saved from being burned, not from lack of temperature in the tea kettle, 
bat because the non-conducting carbon is between the hand and the kettle. 
Of course, if the carbon were removed, the hand would be burned or 
■calded. 



Mr. FoRKEY, Railroad Gkzette — A gentleman near me says that you ^ 
bear jour hand on the kettle as long aa the water is boiling, bat that as sc 
aa the water stops boiling, be carefal. It is possible that the heat becone: 
latent, and that the steam carries it awaj from the metal in the prooesa 
boiling. 

Mr. Setchel, Little Miami Railroad— The idea advanced by Mr. W» 
was that the plate was hotter because it came in contact with the fire, ai 
was therefore permanently contracted by being held firom expanding wh< 
in this condition. My point is that, whether it is protected by carbon, 
Professor Morton states, or whether from some other caose, the plate is n 
so hot but that yon can put your hand on it without being burned. It sees 
to me that that would go to show that the temperature of the sheets at t] 
bottom of the fire box is not so much greater as has been suf^sosed by ^ 
Wells. 

Mr. HuDSOK, Rogers Locomotive Works — ^It is a fact, with regard to t! 
tea kettle, that if you hold your hand in contact with it until the wat 
ceases to boil you will be apt to be burned ; I have tried the experiment ai 
know that to be so. In regard to the changes that take place in boil 
plates I have no doubt at all but what Mr. Wells' explanation of i 
upsetting of the particles of the sheet is the true explanation. Whether 
arises from incomplete or insufficient circulation, or from whatever cau 
the overheating takes place, I have no doubt that the overheating is t 
primary cause of the ultimate breaking of the sheet But it has been me 
tioned that time has something to do with it. Time is an element, and 
very important one, in determining how soon this cracking will take pla< 
I believe that it was well established years ago by the Franklin Instita 
that, while good iron would stand tensile strain of sixty thousand pounds 
the square inch on a direct test, they found that fifteen thousand pounds wi 
a continuous strain would pull it apart. Thb shows the effect of time; 
requires time to develop these changes. The quality of the steel and tl 
size of the sheets has a great deal to do with the time when the breakai 
will take place. If you have a metal which is capable of withstandii 
without injury all the expansion which takes place, owing to this undi 
heating, that is just the material you want. In the absence of that materi 
what shall we do with the existing material to make it more serviceabh 
We must put it in such shape, either by corrugation or otherwise, or 1 
better means of circulation of the water, so as to cany off this heat ai 
prevent any undue heating, or we must get a material that will stand tl 
heat. The reason why the flue, back, and the small sheets do not gi^ 
way as quickly as the side sheets is, I apprehend, simply in consequen 
of their size, not that the circumstances are changed otherwise. I mc 
say that corrugating the sheets promises to be the most practicable meth< 
for preventing the difficulties now experienced. As to the relative meii 
of iron and steel I know of iron fire boxes that have been burning coi 
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and that have been in nse for five or six years, that are apparently as 
good now as when they were pnt in. I know of a steel famace under 
the same circnmstances, and I know of others, that have not stood for even 
a few months. I am not able to say what it is in the material that 
causes the one to break and the other not to break, but* there seems to 
be something in the quality of the metal itself which, in the one case, 
renders it capable of taking up and giving out all this expansion and con- 
traction without injury, and in the other case produces fracture. It is an 
important inquiry to know what the difference in the quality of that 
material Is, and to what it is owing, so that we may with certainty manu- 
foctnre sheets of the quality that we know from experience vrill answer the 
purpose designed. One of the gentlemen asked how we know that one part 
of the sheet is hotter than another part. How is it that a coal fire causes 
the sheet around the door to leak when a wood fire does not? Is it not due 
to the difference in temperature? I will say that, of my own experience 
with solid rings in burning wood, they frequently leak and crack ; but when 
yon use a sheet in place of the solid ring you prevent that in a great measure, 
because the heat is then carried away by the better circulation of the water — 
there is not so much material as with the ring to become unduly heated. 
That, I think, is the explanation. 

Mr. MHiBB, of Philadelphia — I wish to make a proposition, and that is 
that we instruct the Committee to put in their circulars to Master Mechanics 
certain questions which will call out further data on this subject. Let them, 
for instance, put a question asking that each Master Mechanic furnish a re- 
t>ly stating how many sheets cracked during the year. 

The Pbbsident — Let me say before you proceed any further, that this 
subject has noi been presented for consideration during the next year, and 
that if it is desired to have it considered at the next Convention it will be 
necessary to lay it before the Committee on Subjects. 

Mr. Setchel, Little Miami Bailroad — Such questions were framed last 
year. 

Mr. Miles, of Philadelphia — Mr. President, would it be out of place to 
make a suggestion of what might be done ? 

The President— Not at all. 

Mr. Miles, of Philadelphia — I was going on to say that in Europe they 
are not using steel fire boxes in anything like the number thtit they are 
nsing here, and that they are looking to us to see what our experience will 
be in using steel plates for fire boxes, and it behooves us to find out all the 
facts connected with the subject, and to elicit all the data that any road can 
give, not only this year but next, and from year to year. I want to suggest 
ftirther, that it would be a very useful thing if the committees would so 
firame their questions as to leave blanks, so that the party receiving a circular 
would find a blank space opposite each question in which he could write the 
answer to that question in the fewest possible words ; and then a member 
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would not be obliged to scratch his head and think half an hour before he 
could start his answer, and then to write a long article which might just as 
well be dispensed with bj the use of blank forms. I think by so doing we 
would elicit the detailed information we need. 

Mr. SirrcHEii, Little Miami Bailroad — ^It has been suggestedy and I thia^ 
very properly, that we recommend to the members oorragation as a remedy 
for the cracking of sheets. 

Mr. SELLEBSy of Philadelphia — You had better put that as a motion, in 
order to get the sense of the Ck)nyention. 

Mr. Setchel, Little Miami Bailroad — ^Then I more that we recommend 
the members of this Association to try corrugation as a remedy for the 
cracking of steel sheets. 

Mr. Sellebs, of Philadelphia — ^In suggesting that nootion to Mr. Setchel, 
my object was to get the sense of the meeting, so that if members vote it 
down, it shows that they do not approve of corrugation. 1£ they vote in fa- 
vor of it, it shows that they think corrugating will serve as a remedy to pre- 
vent the cracking. 

Mr. Gba^am, Lackawanna & Bloomsburg Bailroad — ^I would like to sajr 
a few words about corrugating sheets, as I have had considerable experience 
in it. A great many think it is an additional expense, but it is a simple mat- 
ter, and I do not think it would cost five dollass to corrugate all the sheets of 
a furnace. A sheet can be corrugated in an hour. It is done in the rolls. 
It is placed under the rolls, and by screwing down the top roll a sufficient 
distance, then slackening it up and reducing it alternately, you can pass the 
sheet through. After they are corrugated in that way across the sheet, we 
simply straighten the edges while it is heated red hot The center line of 
corrugation is about three-eighths of an inch — there is a little more thinness 
of the iron on each side of the center line. We keep the edge of the iron in 
the center line of corrugation, and bring the row of stay bolts on top. I have 
used corrugation for six years with good results, and there is very little addi- 
tional expense or trouble attending it. 

Mr. Chapman, Cleveland & Pittsburgh ^Bailroad — ^In adopting a resolu- 
tion of this kind, it may be better to go a little slow. I do not know that it is 
right to take the sense of the meeting in this way. I think that it is better to 
leave it for each member to act as he sees fit. I understand that there are 
several parties claiming patents on corrugated sheets. I do not wish to con- 
vey any inference that Mr. Setchel is interested in any of them, but we might, 
perhaps, infer it from the motion. 

Mr. Gbaham, Lackawanna & Bloomsburg Bailroad — ^I am not aware of 
any patent on it, although several parties have applied for patents. One 
party got it from me, and applied for a patent afterward, but was not suooesa- 
ful. I had a model made, and applied for a patent also, but was told that it 
was not patentable. 
Mr. Chapman, Cleveland & Pittsburgh Bailroad— I think that a gentle- 
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man in GhicagOi connected with the North-western Koad, daims a patent 

on it. 
Mr. GBAHA.M, Lackawanna & Bloomsburg Railroad— He applied for a 
/ patent but the application was rejected. 

Mr. Sellers, of Philadelphia—It is a very old device, and not patent- 
able. 
Mr. Setchbl, Little Miamf Railroad— Mr. President, I will agree to be 

fair in this matter, and if I should be so lucky as to realize anything from 

the adoption of my motion, that as an inducement for him to vote for it, I 

will divide with the Vice-President. 
Mr. Bbooks, Brooks Locomotive Works— I second the motion to get the 

full sense of the meeting upon this subject ; and I would suggest that every 

member here be requested to vote upon it one way or the other. 
Mr. Fby, Philadelphia & Erie Railroad — Let me fully understand the 

question. If we except Mr. Setchel's proposition, does it commit the Asso- 
dation to the approval of corrugating sheets? or does it simply request that 
an experiment be made in that way 7 

Mr. Sellebs, of Philadelphia — I do not desire to commit the Association 
m the slightest degree, but to get the sense of the members present as to this 
proposition. Will a change of form be likely to obviate this trouble, whether 
that diange be corrugating or some other change from a plain flat sheet ? It 
does not commit the Association to corrugating in any way, but it is simply 
a vote of recommendation that it be tried. Mr. Setchel has well worded the 
motion without committing the Association to any thing ; it merely says that 
the Association recommend that the attention of members be directed to cor- 
rugation, or to some other change of form, as a remedy for the cracking. I 
do not think that any member ought to vote for it with the idea that it com- 
mits the Association to adopt that form. It merely gives the sense of the 
members present on this subject. 

Mr. Chapman, Cleveland & Pittsburgh Railroad— I understand the mo- 
tion to be a recommendation that the members of this Association try it. 

Mr. Setchel, Little Miami Railroad — ^That is the motion, that the mem- 
bers be recommended to try corrugation. 

Mr. Chapman, Cleveland & Pittsburgh Railroad — ^It seems to me that 
that would commit the members. If I^ote in favor of it I would feel under 
obligations to try it. 

Mr. Forney, Railroad Gazette — ^I should like to amend the motion by 
adding the words '* if they choose." 

Mr. Setchel, Little Miami Railroad — ^I think that is implied in the rec- 
<)mmendation. 

Mr. Flynn, Western & Atlantic Railroad — I differ with Mr. Sellers in 
regard to the motion ; as I understand it, the motion made by our Secretary 
is, that the Association recommend corrugated sheets for side sheets. 

Mr. Setchel, Little Miami Railroad— No, sir; that is not the motion, but 
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that we recommend the members to try corrugating aa a remedy to prerent 
the cracking of side sheets in locomotiye furnaces. 

Mr. Flynn, Western & Atlantic Bail road— Then, as I now understand it, 
I will Tote for it ; but as I understood it at first, I would have voted no. T 
understood it at first as committing the Association to corrugating. We have 
had the experience of only one who has tried this remedy. I am frank to 
admit that my prejudice goes for it, and I think that it would meet, to a gr«at 
extent, many of the difficulties that many roads labor under from the crack« 
ing of the side sheets of the fire boxes. 

Mr. PHiiiBRTCK, Maine Central Railroad — ^I understand that the design 
of this corrugation is to counteract the expansion and contraction. Now^we 
understand that there is contraction downward as well as lengthwise. The 
stay bolts are often broken in consequence of the contraction downward. Will 
you corrugate these sheets both ways so as to meet that difficulty ? 

Mr. Setchel, Little Miami Bailroad — I supposed that that matter was un- 
derstood. The Committe reported that there were no cases given them of the 
cracking of sheets longitudinally. It was all up and down the fire box, ex- 
cept, occasionally, in a zigzag direction across the fire box. My idea in the 
motion was to carry out the same thing that Mr. Wells has suggested. I 
think that we ought to take some steps in regard to this matter, and I do not 
know of any better way than to recommend to our members something that 
seems feasible. We know that there is an undue strain there, and if we can 
mitigate or prevent the evil by corrugating the sheets, it seems to me that 
the result is worth the efibrt. My idea is to have the Assodation recommend 
the trial. I thought my motion was sufficiently distinct to show that we only 
recommend the members of the Association to try corrugating as a remedy to 
prevent the cracking of steel side sheets. 

Mr. Wells, JefTersonville, Madison & Indianapolis Bailroad — I think 
that we can not vote very intelligently upon this question, as few of us have 
tried corrugated sheets, and it therefore seems scarcely worth while to pass a 
resolution of this kind. It seems to me that we should let this matter pass, 
and let the members use their pleasure about it. If any member has an op- 
portunity to try corrugated sheets, and believes that there is anything in it, 
and that it will obviate the difficulties complained of, he will try it without 
a resolution. It is not necessary to bind the Convention by a resolution rec- 
ommending members to try it. The members will try it without a resolution 
if they think there is anything in it. They are all anxious to get better re- 
sults generally than we have had in the use of steel. 

Mr. Fby, Philadelphia & Erie Bailroad — ^I would like to amend the res- 
olution by adding this : " That looking at the great importance of the intro- 
duction of steel in locomotive boilers, the Association requests the members 
to make such alterations in the form of fire boxes as may seem to them, from 
the facts laid before them during this Convention, most likely to obviate the 
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cracking of steel plates, and other defects which have shown themselves." 
This would leave it optional to the members to do what they see fit. 

Mr. Chapman, Cleveland & Pittsburgh Railroad— Would it not be the 
natural course for each member to do that without a resolution. 

Mr. Fry, Philadelphia & Erie Railroad— It might be so; but I think that, 
unfortunately, many of us are so situated, or are in such a position that we 
need something to help us, something to give us weight in laying our opin- 
ions before the officers of the roads we represent. I say this with consider- 
able diffidence. I hope I am not disparaging the position we hold in the 
railroad world, but I can not help feeling that we sometimes need something 
to strengthen us in proposing any alteration in the important parts of an 
engine. I think it would, perhaps, add to the weight of this institution if 
it were customary to bring forward the opinions expressed in the Convention 
to the attention of the railroad officers, and if we are careful to not recom- 
mend any thing that is bad or that is untried, it is possible that the opinion 
of this body may come to have due weight with railroad officers. 

Mr. Lauder, Northern New Hampshire Railroad — ^It seems to me that 
this amendment had better be put in the form of a substitute for the res- 
olution. 

Mr. Robinson, Great Western of Canada — ^I think, according to the 
feeling expressed by members, that at present it would be better for the 
Anociatlon to recommend to its members to devote their attention to 
changes in the shape of boilers, as a remedy for the cracking of sheets. I 
think a recommendation to direct the attention to that, as a remedy, would 
be more acceptable. 

Mr. Fry, Philadelphia & Erie Railroad — ^I accept that amendment as a 
enbstitute for mine, in order to get the matter before the Convention, or I 
will accept any suggestion that Mr. Robinson may make. 

Mr. Robinson, Great Western of Canada — ^I would then suggest this res- 
olution : That this Association recommend to its members that they shall 
torn their attention during the next twelve months to the advantage to be 
gained by an alteration in the shape of the plates as a remedy to overcome 
the difficulties experienced in the use of steel plates. 

Mr. Setchel, Little Miami Railroad — I have heard that there is a difier- 
enoe in ginger, but I never could distinguish it. I will accept that amend- 
ment although I can not see that it is any different from the original motion. 

By consent Mr. Setchel withdrew his resolution, and Mr. Robinson's was 
sabstituted therefor and adopted. 

On motion, the discussion on this subject was then closed. 
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Tests of Boiler Plate, 



Made at the MeehaniecU Laboratory of the Steven^ Institute cf Technology, Hobo-^ 
ken. New Jersey,- May 11, 1875, by Professor B. H, Thurston : 
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The value of their resilience indicates power of resisting shock. 
The used metal is much the hest. 



REMARKS ON TESTS. 

Boiler plate preyions to and after nse : Nos. 388 and 889 were 
taken from a plate which had been used for some time in a steam 
boiler. It had no appearance of having been injured. 

No. 390 was a piece of plate which had never been in use and 
which was said to have been made for the same purpose and to be of 
the same grade. 

The latter statement being accurate, the effect of use is evidently 
to anneal the metal, making it softer and very much more ductile, 
as shown by the maximum elongation deduced by comparison of 
original and fractured sections. 

R. H. THURSTON. 

The Pbesident — Before we commence another report, I want to call the 
attention of the Convention to the fact that we have a great deal of business 
to do, and I think we shall require more sessions than usual. We generally 
meet from nine to two o'clock each day ; but as the people here have seen fit 
to take charge of our ladies for the balance of the day, I would recommend 
that we have a session here this afternoon, say from three to six o'clock, and 
that we adjourn at half-past one. By so doing we may obviate the necessity 
of a night session. 

Mr. Clark, Lehigh Valley Railroad — I move that we adjourn at half- 
past one to-day, and meet in session at three o'clock. 
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Motion agreed to. 

The Pbesident-^I hope that every member will be ptreaent at the after- 
noon session, with the exception of the Committee who are to witness the test 
of axles which is to take place at four o'clock. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, I move that that 
Committee be increased to five. 

The President— There are now on that Committee Messrs. Hayes, Forney, 
Sellers, and Nott. 

Mr. Sellers, of Philadelphia— You will notice, Mr. President, that three 
of these gentlemen are associate members, while but one of them is Master 
Mechanic of a railroad. If that Committee be increased, I think it should 
be increased rather more than is proposed, and that the gentlemen should be 
Master Mechanics who are familiar with these tests. I think it would be 
better if Mr. Hayes would name a larger number, so that there will be a suf- 
ficient number of the Committee present to make the test interesting. 

Mr. Hates, Illinois Central Bailroad — Then I would change my motion 
bj moving that the Committee be increased to ten members. 

Carried. 

The President— Before appointing that Committee, I would like to ask 
the gentlemen if there are any persons who desire to act on that Committee^ 
as I would like to appoint those who wish to witness the test. 

Mr. Sellers, of Philadelphia — The experiments are to be of an interest- 
ing character. Axles of both iron and steel are to be broken. I was pres- 
ent at some of these experiments some time ago, and would very much like 
to see them again, they are so exceedingly interesting. 

The President — I will appoint, in addition, on that Committee, Messrs. 
F17, !]^chards, Wallace, Philbrick, Clark, and Garfield. 

Mr. Forney, Bailroad Gazette — Where are these experiments to be 
made? 

The President — I will state to the Committee that the parties who have 

the matter in charge will notify the Committee at the St. Nicholas Hotel, and 

will make some arrangements with them for getting to the place. As the 

Committee on the next Annual Meeting were not all present when appointed, 

I will again announce their names : Messrs. Healy, Eastman, and Bushnell. 

The Committee on Subjects to be presented at the next Convention are : 

Messrs. Wells, Boon, J. W. Philbrick, Flynn, and McAllister. By request 

of Mr. Sedgley the discussion on Locomotive Construction was deferred until 

Mr. Brooks should be present. Is it your pleasure to take up the discussion 

of that subject at this time? 

On motion, .discussion of the report on Locomotive Construction was 
taken np. 

Mr. Brooks, Brooks Locomotive Works — I am sorry you postponed this 
ducitt^on on my account. What was the character of the report? 
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The FBESiD£2!n — The greater part of it was a letter that you had written 
with reference to the Boberts Locomotive, but there was no discussion upon 
the subject, as the Chairman of the Committee requested that it be deferred 
until you were present. 

Mr. Bbooks, Brooks Locomotive Works — ^I will say to the members, ia 
reference to this matter of the Roberts Cylinder, that it is hardly yet a ques- 
tion for discussion, but only for information. I^am not prepared to recom- 
mend it at the present time. I am prepared to say, however, that it develops 
some new features in the working of steam, as you will readily see when E 
explain it to you. I have a tracing of the cylinder which I will now show 
you. 

I suppose that many of you understand the general feature of this cylinder, 
and that the object is to exhaust at a positive point of the stroke of the pis- 
ton at all conditions of cut-off. We all know that our link motion, unfortu- 
nately, is imperfect in this direction, and exhausts prematurely as we shorten 
the travel and work short cut-off. The Boberts Cylinder is twice the length 
of the stroke, in addition to all ordinary clearance at each end of piston. 
Around the circumference of the center of the cylinder is an exhaust belt 
communicating with the ordinary exhaust chamber below the exhaust port 
in valve seat ; into this exhaust belt is cut a port three-quarters of an inch 
wide around the whole circumference line of the bore of the cylinder. The 
piston is made the length of the stroke minus the width of this circumferen- 
tial exhaust port. The inside lap of valves is made the same as the outside 
lap in order to prevent the exhaust from escaping in the usual manner, and 
to retain it for this circumferential exhaust, three-quarters of an inch from 
the end of each stroke. When the piston has traveled to within three-quar- 
ters of an inch from the end of the stroke, it commences to open the central 
exhaust port, and opens the entire circumference line of the cylinder for the 
exhaust. Therefore, while with the ordinary cylinder we should exhaust at 
fourteen inches on a cut-off of seven inches, in the Boberts Cylinder we re- 
tain the expansive force of the steam until within three-quarters of an inch 
from the ends of the stroke. The benefit to be derived from this invention 
lies in two directions— Ist, the perfect freedom of the exhaust ; and, 2d, in 
the positive point of the exhaust so near the end of the stroke at any and all 
points of cut-off. -I am not prepared to argue that this invention will result 
in a positive improvement and large economy, but it lies in that direction, 
and unless we find an insurmountable difficulty in the practical construction 
of the long piston, will undoubtedly prove successful. Of course you will 
understand there were some difficulties attending the development of this 
new feature. The first pistons we made weighed four hundred pounds each, 
and our first experiments were made with these heavy pistons. I believe I 
mentioned in my recent letter to Mr. Sedgley, and also in my communications 
to the Bailroad Gazette, written some time ago, that before I had opportuni- 
ties for testing practically the operation of these cylinders, there seemed to 
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be two difficulties in the way of success ; one, the connterbalancing of the 
largely increased weight of the disturbing forces ; and the other, the im- 
mense compression equivalent to the exact boiler pressure, as a resistance at 
each end of the stroke. These difficulties were, however, merely imaginary. 
The compression counteracted the increased weight of the disturbing forces, 
and did not prevent attaining a very remarkable velocity. The engine was 
at the time of our first experiments (with driving wheels but four feet six 
inches in diameter and her four hundred-pound pistons) the steadiest riding^ 
engine that I ever rode upon at a very high rate of speed, and on her sec* 
ond trip, for a distance of six miles, we traveled right along at the rate of 
a mile in one minute and two seconds. That this compression was not det- 
rimental, but in this particular case advantageous, is due to the fact that, 
without it, a large amount of force would be expended in bringing the pis- 
tons to the point of inertia. The sum of all the resistances, including the re- 
sistance of the load moved, equals the exact force expended upon the steam 
sides of the pistons ; but if the weight of the moving parts, or entire disturb- 
ing forces connected with the cranks is not exactly counterbalanced, there is 
a shock at each end of the stroke, and this shock absorbs a portion of power 
which might otherwise be utilized for draught or speed. You can not at- 
tain a very high rate of speed with a badly-counterbalanced engine with the 
ordinary valve and method of exhaust; and you may be sure, with these 
four hundred-pound pistons, the engine was, of necessity, very badly coun- 
terbalanced. The present pistons now in use in these cylinders are a great 
improvement over the first. The entire piston complete, including rod, 
heads, rings, and every thing connected with it, weighs but thirty pounds 
more than our standard piston of same diameter. The extraordinary weight 
of such a long piston seemed to present the greatest difficulty, and this has 
already been, to a great extent, overcome. Every Master Mechanic knows 
what evils have grown up with the enlargement of our valves. There is no 
necessity for this except in the requirements for exhausts. If we can get 
rid of that necessity of exhausting under the valve, we shall gain a step, and a 
very long step, in the right direction. While I think this is deserving of 'a 
great deal of thought and attention from every Master Mechanic present, I 
do not believe that any of you need make any experiments with it yet awhile. 
We have an engine now running a regular train upon the Lake Shore & 
Michigan Southern Bail way with these cylinders. Experiments are now be- 
ing made with the second set of cylinders. The first set had steam ports one 
and one-eight inches by sixteen inches ; the exhaust ports two and three- 
quarter inches by sixteen inches ; in fact, with the full-sized valve for steam 
and exhaust, as would have been used to exhaust under the valve, except in 
the large amount of inside lap of the valve. The inventor insisted upon the 
necessity of large ports, while I assured him one of the chief advantages to 
be derived from his method of exhaust, was in the ability to diminish the 
size of the steam and exhaust ports, and use a very small valve. We do not 
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require the exhaust under the valve in the Hoberts Cylinder, except the in- 
stant the valve motion is reversed from one motion to the other. The cylin- 
ders DOW in use have steam ports only one and one-quarter inches by eight 
inches, and exhaust port opening on valve seat only two and seven-eight 
inches by four inches, with valve in proportion. The engine may not be 
qaite so smart with these cylinders as before, but if not it will be due to the 
contraction of the central exhaust port which has been drilled on the circum- 
ference line from the inside of bore of cylinder into the exhaust belt instead 
of having an open port as before. The holes are seven-eights of an inch in 
diameter, and one-quarter of an inch apart; and are to be cut out square so 
as to present as long a line of first opening as possible. The object of drill- 
ing the holes instead of cutting an open port, is to use the segmental packing. 
That you may have some idea of the explosive quality of this exhaust, I 
will say here, that we started it with two, three and one-half inch nozzles, the 
cylinder part of smoke stack being sixteen inches in diameter, and even with 
these large nozzles, the exhaust was so positive, so abrupt, so explosive in its 
quality, that it would lift the fire ofi* the grates. Among the twenty thousand 
locomotives in this country any man could have distinguished this particular 
engine with his eyes shut, simply by the quality of the sound of her exhaust. 
In order to overcome the tendency to lift the fire and to soften the exhaust 
the exhaust nozzles have been increased to four and one-half inches each, 
•nd the cylinder part of stack to nineteen and one-half inches at the bottom 
ud twenty-one inches at the top. The velocity of the entering air at the 
grates is very much diminished thereby and comparatively good results have 
been obtained. The comparative results mentioned by Mr. Sedgley in his 
report were obtained by running the engine with Roberts Cylinders in com- 
petition with another locomotive, and are, to a certain extent, an unfair 
comparison, because the latter was in need of general repairs, and especially 
S8 her flues were in bad condition. It was, therefore, deemed by both Mr. 
Sedgley and myself an unfair comparison which should not be brought in 
here as a basis of comparative economy. I am Yery careful in regard to 
this matter, and do not wish this new device to receive any merit to which 
it is not fairly entitled. It is of no interest to me except as it shall lead to 
something beyond what we have heretofore attained. There has been no 
unprovement in the efficient economical working of steam in our locomotive 
cylinders since the introduction of the link motion ; and even this was a step 
^kward rather than forward except to simplify the details of valve motion. 
We all know that it is not the proper way to work steam. We do not want 
to undertake to work steam expansively, and let it go ten inches from the 
cod of the stroke, if, by any means, we can retain it to within three-quarters 
of an inch from the end of the stroke and then get rid of it abruptly. We 
utilize more of our power and there must be a great gain. But I will not 
detain you longer. I shall be very glad to answer any questions any member 
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may feel disposed to ask. Toa have so mnch to do and bo little time, that 
I feel condemned for occupying so mnch time as I have. 

Mr. Fry, Philadelphia & Erie Bailroad— The Chairman of the Com- 
mittee has asked me to saj a few words, in his absence, explanatory of oar 
having introduced Mr. Brook's letter in the manner in which we did. There 
is always a delicacy with committees in introducing any facts bearing upon 
patents, but we felt as Mr. Brooks has Just stated, that the cylinder that has 
been described to you was almost the first attempt that has been made with 
any thing approaching success to improve the working of locomotive engines 
since the introduction of the link motion, which was introduced by the 
earliest inventors of locomotive engines. I can only say that I am particu- 
larly struck with the extreme modesty that Mr. Brooks has shown in speak- 
ing of the invention as far as it has gone. I think that I may justly say 
that a great deal is due to him in modifying the parts that have tended 
toward the success of the engine. A great deal of care has been expended 
upon the engine, and although it happened to be somewhat his patent, I 
think it is worthy of the consideration of the Convention. We therefore 
thought that we would submit the letter that Mr. Brooks wrote, and ask him 
to make some explanation of this invention to the members. 

Mr. SELiiEBS, of Philadelphia— Allow me to ask Mr. Brooks if he has 
taken any diagrams from the cylinder of that engine yet? 

Mr. Bbooks, Brooks Locomotive Works — We have not got to that point 
yet. There is a time when that will be done, and we are confident that sat- 
isfactory results will be obtained. But so far we go by the sense of feeling. 
I will promise the Convention that if I live another year that this thing 
shall either be unworthy of the notice of the Convention or else there shall 
be data furnished, which shall establish the utility of the cylinder. We will 
find exactly what the condition is on the exhaust side of the piston at the 
instant of exhaustion, and we will find what the conditions of compression 
are all the way through the end of the stroke. We will be prepared with 
full information with regard to it in another year. 

On motion of Mr. Chapman, the discussion upon this subject was here 
closed. 

The Pbesident — The next business in order is the report of your Commit- 
tee on " The Best System of Signals for Operating Railroads." The Com- 
mittee consists of Messrs. Thompson, Underbill, and Ortton. The report is 
in the hands of the Secretary. 

Beport on Train Signals. 

To the American Bailway Master Meohanics* Assoeiaiion : 

Gentlemen: The Committee, to whom was referred the subject 
of the "Best System of Signals for Operating Railroad Trains," 
including Train Head Signals, Train Tail and Side Signals, Switch 
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Signals, and Appliances for Indicating the Speed of Trains, report 
as follows : 

Circulars were issued embracing the following inquiries : 

* SIGNALS FOB OPEBATINQ TBAINS. 

What is the best system of signals for operating trains of which 
you have knowledge? Where, and how long have they been in use? 

TBAIN HEAD SIGNALS. 

Do you know of any better signal than the different colored flags 
by day and lights by night ? If so, please state what they are, how 
long they have been in use, and the method of using them ? 

•TBAIN TAIL AND SIDE SIGNALS. 

What are the best tail and side signals ? How are they used upon 
freight trains ? How upon passenger trains ? 

SWITCH SIGNALS. 

What kind of a signal do you use by day ? What by night ? Do 
you consider it important that all switches in the main track should 
be lighted? 

APPLIANCES rOB INDICATING THE SPEED OF TBAINS. 

Have you used such an instrument? Or do you know of one 
used by others ? If so, please state to what part of an engine or 
train is it applied, and what are the results of its operations ? 

To these inquiries your Committee has received replies from 
eleven members only. 

To the question, what is the best system of signals for operating 
trains of which you have knowledge ? 

Mr. Sedgley, of the L. 8. & M. S. Bailway, says : " We use red 
and white flags by day and lanterns of those colors by night." 

Mr. C. R. Peddle, of Terre Haute & Indianapolis Railway, says : 
" We have no system for moving trains other than the use of the 
bell cord, motions of the hand, or lanterns, and red flags, and lan- 
terns upon the engine and rear of trains." 

Mr. Wells, of J. M. & I. Railway, and several others make replies 
similar to those above named. 

Mr. Robinson, of the Great Western of Canada, says : " We use 
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the general plan of the European and Canada BailwayB," but does no^ 
tell ns what that is. 

Mr. Thompson, of the Eastern Bailway of Massachusetts, reports 
that, in addition to the signals in general use, they have a system of 
signals known as ^< HalFs Automatic Electric Signal," by which 
trains are operated for a distance of sixteen (16) miles of double 
track. 

These signals were put in operation in 1873, and used at intervals 
for several months. They have since been improved in their con- 
struction and manner of operating them, and for the past nine (9) 
months all trains have been run between Boston and Salem by them 
regularly and with entire success. 

^our Committee feel that to give a detailed description of these 
signals and the mode of operating them would trespass too much 
upon the time of this Convention, but would state, that in corres* 
ponding with Mr. Hall, the inventor, he has expressed a desire to, 
and will, have in New York, during the time the Convention is in 
session, his complete portable apparatus, with which he has exhibited 
and explained to special meeting of the Massachusetts Institute of 
Technology and other similar scientific institutions, and will be 
pleased to exhibit and explain to the members in part, or to the 
Convention, his system, as may be most convenient for them. 

A complete description of these signals and mode of operating 
the same may be found in the Kailroad Gazette of January 29th, 
1875. 

On the best system of signals for operating railway trains, your 
Committee present the following summary of the information ob- 
tained by them. That the general practice is to operate all regular 
trains by schedule time. All irregular trains by a system of using 
colored flags by day and lamps by night, varying somewhat in the 
arrangement, but not essentially different. 

And the fact that almost the entire operating of the trains of the 
railways of this country are governed by one or the other of these 
methods, is evidence that they are sufficient for railways whose busi- 
uses does not exceed their capacity. 

There are, however, railways diverging from our metropolitan 
cities whose trains pass through towns and villages densely popu- 
lated, requiring trains to be run at intervals of ten (10) and (5) 
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minutes, and frequently less, making stops at nearly every mile, 
and often at less distances, where it is evident that in the near future 
some system of operating trains by intervals of space will be abso- 
lutely necessary for their safety. 

TRAIN HEAD SIONALS. 

Those in general use are the colored flags by day and lamps by 
night, placed on front of the locomotive. The exception to the gen- 
eral system is that of the Great Western of Canada, of which Mr. 
Robinson, Mechanical Superintendent, says : " That we have a very 
valuable addition to the ordinary head signal, consisting of a system 
of indicating the numbers of each train by means of changeable 
metalic figures placed in front of the head lamps. During night-time, 
red and green-oiled silk screens placed inside of the head lamps, in 
front of the reflectors, and so fixed on rollers as to be instantly oper- 
ated by cord connections from the cab as occasion requires. It 
has one very valuable property that it doea not necessitate any re- 
construction of the lamp, as the whole of the apparatus can be 
easily attached to it at very little cost." 

Regulations for the use of the signals are herewith attached to be 
read if desired. 

TBAIN TAIL AND SIDE SIGNALS. 

Of this class, red flags upon the rear of trains by day and red 
lamps by night, located upon the rear platform of passenger cars 
and upon the side or top of the caboose cars, are the kinds in gen- 
eral use. 

SWITCH SIGNALS. 

The common rectangular plate, target, and disc by day ; colored 
lights, green, red, and white at night are the kinds in use. 

To the question, do you consider it important that all switches in 
the main track should be lighted? The replies were " yes,'' at all 
points where trains are run frequently, and your Committee agree 
with Mr. Peddle, who says : *^ That they should be upon all roads 
that aspire to a first class reputation." 
8 
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APPLIANCES FOR INDICATING THE SPEED OF TRAINS. 

Your Committee received replies from three (3) members only 
who have had any experience with such an instrument. 

Mr. Sedgley, of the L. S. & M. S. Bail way, says : " We are trying 
Wyth's Speed Indicator attached to the axle of a car, and it appears 
to possess considerable merit." 

Mr. Wells, of the J. M. & I. Railway, has one of" Wyth's'' Indi- 
cators, and says : " It registers correctly and is perfectly reliable, gives 
the speed at any part of the line passed over, and the time where 
stops are made." 

Mr. C. E. Peddle, of the Terre Haute & Indianapolis Railway, 
has furnished your Committee with a comprehensive description of 
the operation of Professor Wyth's Speed Recorder, also a diagran 
which accompanies this report. Mr. Peddle has had one in use suf- 
ficiently long to test its practicability. The sample diagram accom- 
panying this report is a record taken in doubling seventy-three (73) 
miles of their road by the instrument, which was so fully described 
and illustrated in the Railroad Gazette of November 28, 1874, that 
the Committee do not deem it necessary to give a detailed descrip- 
tion of it in their report. Mr. Peddle says : '^ That the machine 
gives a complete record of the trip, showing stoppages and backing 
up of train, and that the only care required is to keep the machine 
well oiled. 

He also says : ^^ That the instructions of their road limit freight 
trains to fiftieen miles per hour, and on applying the instrument they 
found that they frequently run thirty (30) miles per hour," which is 
undoubtedly the case on every road in the country. 

In closing this report, your Committee auggest : That, in view of 
the importance of the knowledge obtained through the use of this 
instrument, furnishing as it does data by which superintendents 
may be governed in making time schedules, and showing the absurdity 
of requiring impossibilities to be accomplished by the motive power. 

The instrument of Professor Wyth merits more than the attention 

given to it in the report of your Committee. 

Respectfully submitted, 

JOHN THOMPSON,) 

A. B. UNDERBILL, \ CkmmiUee. 

JNO. ORTTON, J 



115 

On motion, the report was accepted. 

At half-past one the Gonyention adjourned to meet at three o'clock P. M. 



AFTERNOON SESSION. 

The Convention was called to order at three o'clock. 

The President — If there is no discussion on the last report we will pro- 
ceed to the next bosinessy which is the report of the Committee on '' Loco- 
motive and Tender Wheels." The Committee consists of Messrs. Lauder, 
8trattOD, and Hodgman. 

The Secretary will read the report. 

Beport on Car and Tender Wheels. 

To the American BaUway Master MechanM Association: 

Gbntlemen — Your Committee on Locomotive and Tender Wheels 
being instructed at the last Annual Convention, held at Chicago, to 
report breakages of wheels and tires, and cause of breakage or 
removal, and to report on different methods of construction and 
manufacturing of various kinds of engine and tender wheels, beg 
leaye to report that they prepared and issued to the Superintendents 
of Machinery and Master Mechanics of the various railways of the 
country the following circular : 

1. Have any steel tires broken while in use on your road ? If so, 
under what circumstances did it occur ? Please give the methods of 
securing the tire, the nature of the fracture, the probable cause, etc. 

2. Have any steel tires on your road been removed from wheels 
on account of being worn so thin as to be considered unsafe ? If so, 
what thickness were said tires when so removed, and what indications 
caused you to doubt their safety ? 

3. Have you in use on your road any driving wheels other than 
the ordinary cast iron center, with the tire secured by shrinkage ? 
H 80, please give the maker's name and also the success you have 
bad with the same. 

1 What kind of truck wheels are in use on your road? 
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5. Have any truck wheels broken on your road? If so^ give the 
maker's name and the probable cause of breakage. 

6. Give the number of wheels of different manufacture in use on 
your road, and the mileage made by the different kinds as far as 
practicable. 

Replies to this circular have been received from gentlemen repre- 
senting fifteen different railways, and from them we get information 
as follows : 

BROKEN TIRES. 

The number of broken tires reported to us for the past year is 
fifty -seven. Of this number thirty-two were on the Lake Shore & 
Michigan Southern Railroad ; six on the Terre Haute & Indianapolis « 
Railroad ; four on the Great Western Railroad ; five on the Lacka- 
wanna & Bloomsburg Railroad ; three on the Boston & Providence 
Railroad ; four on the Boston, Hartford & Erie Railroad ; two on 
the Flint & Pere Marquette Railroad, and one on the Toledo, Wabash 
& Western Railroad. 

There is one case reported by Mr. Graham, of the Laokawanna & 
Bloomsburg Railroad, that may be interesting to the Assooiation to 
mention in detail. This tire was of Wm. Butcher's manufaoture ; 
original thickness two and eleven-sixteenth inches, had mn ninety 
thousand five hundred and twenty miles, and had been turned onoe. 
The inside diameter of wheel was fifty -six inches, weight on.eaoh driver 
ten thousand eight hundred and seventy-five pounds, and tire seoured 
with one-hundredth of an inch shrinkage to each foot of diameter. 

The circumstances of its breaking were these : The engineer had 
knowledge of an extremely bad rail joint in the track at a oertain 
point of the road and had slaokened his speed to about twenty miles 
per hour, and was looking down at the track and saw the .tire break 
when the wheel struck the battered rail joint. 

This is an instance well authenticated of a tire of good thickness 
being broken by a blow. 

A large percentage of breakages of tires reported to us were 
undoubtedly caused by the intense cold that prevailed the .past 
winter and the rigid condition of the road bed. Annexed will be 
found a table of statistics of tires that have been broken or removed 
within the past year on the roads that have made returns to us. 
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.REMOVAL OF TIRB8 PROM BBINa WORN OUT. 

ITour Committee, from iDformation received and from their own 
^scperience, are of the opinion that steel tires of good quality will 
ran with safety until they are worn down to one and a quarter 
ix&ches in thickness in sections of the country where the weather is 
^ot extremely cold; but in more northerly sections, where intense 
<5old prevails for several months in the year, we are of the opinion 
^l^at tires can not be worn thinner than one and three-eight inches 
^■^ thickness. 

METHODS OF SECURING TIRES TO THE CENTERS. 

Replies to oar circulars are almost unanimously in favor of 
^^mlca^ alone, allowing one-hundredth of an inch to each foot of 
diameter of wheel. 

LOCOMOTIVE TRUCK AND TENDER WHEELS. 

Belies to oar interrogatories in regard to track and tender wheels 
liave been very meager and unsatisfactory. With a few exceptions, 
there is no accarate mileage given, owing probably to the faet that 
few roads keep the mileage of their truck- and tender wheels. 

Mr. Sedgley, of the Lake Shore & Michigan Southern ]Kailroad, 
sends a detailed statement of the performance of the passenger car, 
engine tmok, and tender wheels on that road for the past year, 
which is complete in every respect; and your Committee would 
reeommend that it be incorporated with this report and appear with 
the report of the proceedings of the Association. 

Hr, Peddle, of the Terre Haute and Indianapolis Railroad, reports 
that the average mileage made by ninety-four pairs of thirty-inch 
tender wheels removed, was thirty-two thousand four hundred and 
thirty-five miles, and of thirty-one pairs of engine truck wheels 
remofed, the average mileage was forty-six thousand one hundred 
and BBventy-siz miles. Mr. Peddle also states, that classifying the 
above wheels according to the manufacture, the best average mileage 
made by wheels of any one manufacture was for thirty-inch tender 
wheels, fifty-siz thousand one hundred and ninety-five miles; for 
thirty-inch truck wheels, sixty thousand four hundred and fifty- 
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seven miles, and for twenty-eight-inch truck wheels, thirty -seven 
thousand eight hundred and seventy- one miles. The mileage made 
by wheels of the poorest manufacture was for thirty-incli tender 
wheels, thirteen thousand one hundred and one miles ; for thirty- 
inch truck wheels, forty-one thousand six hundred and forty-nine 
miles, and for twenty -eight-inch truck wheels, twenty -seven thousand 
seven hundred and thirty-one miles. . Mr. Peddle does not give the 
name of the maker of any of these wheels, but the figures given 
above show the folly and want of economy in using a poor wheel 
because it can be bought a little cheaper than a good wheel. 

Mr. Weaver, of the Eastern Kentucky Railroad, reports that he is 
experimenting with wheels made of a mixture of hot blast charcoal 
iron and steel. They are reported as chilling deeper than the 
ordinary wheel. He has been running them by the side of wheels 
made by the Ohio Falls Car Wheel Company for eight months, with 
a decided advantage in favor of the steel wheels so far. He has not 
been running them long enough to give any other facts in regard to 
them. 

Mr. Bichards, of the Boston & Providence Bailroad, reports having 
in use two pairs of solid cast steel truck wheels made by Bochann, of 
Prussia. They have been running with scarcely any perceptible 
wear for two years. He jilso reports a large number of N. Wasb- 
burne's steel tired truck wheels in use. He says they are giving 
most excellent results, and that too much can not be said in their 
praise. Your Committee regret that he has not given us the mileage 
of these wheels and their present condition. 

Mr. Boyden, of the Boston, Hartford & Erie Bailroad, reports 
having in use a large number of Washburne's steel tired truck 
wheels, there is no mileage kept, but they are giving excellent 
results. 

Mr. Boyden considers them the most economical wheels he has Id 
use. He also mentions an instance of the breaking of a track 
wheel, during the past winter, and ditching the engine. The wheel 
was made by the Boston Car Wheel Company, and had run but two 
weeks. The iron looked coarse and rotten, with scarcely any chill. 

Mr. Johann, of the Toledo, Wabash & Western Railroad, says 
that one thousand engine, truck, and- tender wheels have given an 
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average mileage of about forty thousand miles. The manufacturer's 
name not given. 

Mr. Finlay, of the Cairo & Fulton Railroad, reports that two 
hundred Ramapo Wheels give an average run of forty thousand 
miles ; and one hundred and sixty-eight wheels manufactured by 
the Missouri Car and Foundry Company, of St. Louis, give an aver- 
age of twelve thousand miles. 

Mr. Hayes, of the Flint & Pere Marquette Railroad, reports using 
almost exclusively the Ramapo Wheel, and gets an average mileage 
of forty thousand miles from them. He has had a few break in the 
flange, some of which showed an unsoundness in the metal, while 
others were sound and clean. The cause of breakage was evidently 
from striking a frog point that was out of line. 

Mr. Lauder, of the Northern (New Hampshire) Railroad, reports 
sixty-eight Washburne Steel Tired Truck Wheels in use, forty-four 
of which are twenty-eight inches, and the remainder twenty-six 
inches. Of this number eight have failed, after running from thirty 
thousand to forty thousand miles. Two of the eight broke in the 
spokes ; two were removed on account of the tire becoming loose, 
and the remaining four were condemned on account of spots upon 
the tread becoming flat. These wheels that failed were all out of 
one lot purchased about two and a half years ago, and evidently 
were of poor material. Wheels purchased before that time, and 
since, are running as smooth and sound, to all appearances, as when 
they were first put into use. 

Your Committee think that the method of manufacturing these 
wheels deserves notice. A steel tire first is rolled out, then put into 
a furnace and heated to a bright red. At the proper time it is taken 
out, put into a mould, and the molten cast iron is poured inside and 
brought in contact with the inside of the tire. The molten iron is 
allowed to run through the mould on the ground until the tire is 
heated enough to weld. The flow of the metal is then stopped, the 
mould is allowed to fill, and the cast iron steel tired truck wheel is 
made. 
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J. N. LAUDER, 1 

G. W. 8TRATT0N, [ Committee. 

S. A. HODGMAN, J 

Mr. Laubeb, Northern New Hampshire Railroad — ^The Committee, io. 
their report recommend, as you will perhaps remember, that the table (A ' 
mileage of wheels on the Lake Shore & Michigan Southern Railway be 
incorporated in the report. This table contains the mileage made by the 
passenger car, engine, tender, and truck wheels for the past year. The Ck>m- 
mittee thought, perhaps, the Association would not care to include the 
mileage of the passenger car wheels in the report. That is for you ta 
decide. This report is signed by the General Purchasing Agent of the Lake 
Shore & Michigan Southern Railway, and seems to be complete in every 
particular, and I have no doubt would give us valuable information if incor- 
porated in the report of the Committee. But it is for the Convention to 
determine whether the whole amount of mileage shall go in or only that pari 
which relates to locomotive. 

On motion, the report was received ; and then, on motion of Mr. Lauder, 
the Secretary was directed to incorporate in the report the Table of Mileage 
of Wheels on the Lake Shore & Michigan Southern Road. 

The Pbesident — ^The subject is now open for discussion. 

Mr. Woodcock, Central Railroad of New Jersey— I failed to reply to a 
circular sent me in regard to the tires of wheels, but I would like to state 
that we removed one set of steel tires on account of their being too thin. I 
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had them tarned some months ago, and then they were one and five-sixteenth 
ioches thick. I thought they seemed sound and tight, and concluded 
that I would run them still longer to see what the result would be. Those 
tiKB were turned Some three months ago, and reduced to one and one- 
sixteenth inches, and put on an engine which has been running some 
sinoe that time. On taking them off we discovered there was a flaw on the 
inside of the tire from a hole through which a set screw had been inserted ; 
we found two cracks from those holes out, otherwise they were apparently 
flonnd. We thought they were as thin as tires ought to run. I could not get 
the exact mileage, but it was about two hundred and seventy thousand miles. 
I do not, however, give that as a correct statement. That is the only set 
^at we have removed of that kind. We have used a number of steel tires 
OB our road, and we )iad pne that was two and one-fourth inches thick 
break during the Winter into five pieces while the engine was running at a 
'Apid rate. There was no apparent cause for the break, and it is the only 
^W we have had break. 

^r. Casscaddin, Chicago, Bock Island & Pacific Bailroad — I would like 
^ inquire of the gentleman how heavy the engine was on which the thin 
'O'es were run ? 

Mr. Woodcock, Central Bailroad of New Jersey— About thirty-eight 
tons. 

Mr. Cascaddin, Chicago, Bock Island & Pacific Bailroad— How thick 
^ere the tires when first applied to the engine ? 

Mr. Woodcock, Central Bailroad of New Jersey — ^I can not state the 
^Hickness nor the time they were put on, as I was not then connected with 
^e road, and the mileage given is only estimated. All the tires I have put 
on that class of engines have been two and three-fourth inches thick, and we 
^ave adopted that thickness as a standard for that class of engines. 

Mr. CAscADDnr, Chicago, Bock Island & Pacific Bailroad — ^If the Conven- 
tion wants to know how many tires have broken, and under what circum- 
Btances, I can say that I had two tires broken on engines under my charge ; 
otie was two and one-half inches thick, and the other was two inches. I 
^ould discover no flaws ; the steel looked perfect in every respect. They 
^ere freight engines of thirty-eight tons weight. One tire broke in four 
pieces and the other in two, but without doing any damage to the engine. 

Mr, Lattdeb, Northern New Hampshire Bailroad — The Committee on 
^^ires would have been very glad to have had this information about a month 
•go. 

Mr. Cascaddin, Chicago, Bock Island & Pacific Bailroad— I expected 

^at Mr. Twombly would represent the Chicago, Bock Island & Pacific Boad. 

^ knew that he could do this better than I as he had a statement from me of 

what my division of the road was doing, and I did not feel like taking the 

^ponsibility of answering questions that he had prepared to answer. I 

L rapposed that he would be here or I would have prepared a report. 
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The Pbesident — Each and every member of the Committee feels the 
importance of answers to their questions. If tkey have those answers in 
time thej can condense them and make a report, and thus get the whole 
matter before the Convention. It is a matter of great importance that all 
the records and information be given to the committees. 

Mr. Laudeb, Northern New Hampshire Kail road— There is one matter 
that I hope will provoke a little discussion, and that is in regard to the 
thinness to which tires can be safely worn before they are taken off. Your 
Committee has recommended one and one-fourth of an inch as the least 
thickness that they think can be safely run. I am free to say, however, that 
I have run them thinner than that, and I presume other members have. If 
any member has any particular experience or theory about it, I, for one, 
should be glad to hear it. 

Mr. Cascaddin, Chicago, Rock Island & Pacific Bailroad — ^I would say 
that if I can not turn a tire and leave it one and three -sixteenths of an inch 
on the outer edge, my orders are not to leave it on, but I am not permitted 
to use tires thinner than one and one-fourth of an inch. I do not think it is 
safe to run a steel tire ordinarily when it is less than one and one-fourth of 
an inch. If when I take an 'engine in I find it is going to reduce the tires to 
less than one and threensixteenths of an inch, I order a new set to replace 
them. I have tires, though, that have run as thin as one and three-six- 
teenths of an inch, and are doing good service now, but it is on light engines 
of only twenty-two tons weight. 

Mr. Woodcock, Central Bailroad of New Jersey — ^I rather think that it 
is not advisable to run a tire down as thin as one and five-sixteen inches as a 
rule ; but we have run them down to one and a quarter inches ; but that is an 
exception. We wanted to test the matter, and only kept them on to see how 
thin they could be run. 

Mr. Peddle, Terre Haute & Indianapolis Bailroad — ^I think that it will 
generally be found.the case that when tires are run so thin they will become 
loose on the center. 

Mr. Woodcock, Central Bailroad of New Jersey— At least two of the six 
tires had become loose after they had run for some length of time, but rivets 
were put in them, and then they were run on till they were renewed. 

Mr. Setchel, Little Miami Bailroad — I think it .depends, in a great 
measure, upon the time of year when these tires are turned. A tire one and 
a quarter inches would ; not be any more durable, in my opinion, in hard- 
freezing weather when the track is rough, than an inch tire would be in warm 
weather. It seems to me that a tire an inch thick with a flange about one 
and three-quarter inches is ample in warm weather, unless the train is very 
fast, and on freight engines and on accommodation trains, not of high speed, 
an inch thick with a good flange is just as safe as one and one-quarter inches 
in cold weather. 

Mr. Hill, Erie Bailroad— There are a number of Master Mechanics pres- 
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ent from whom I would like to hear in regard to this matter. We have one 
set of tires that deseryea mention, and as none of our Mechanics have seen 
fit to refer to it I .will do so. Engine No. 2 was transferred from the North- 
em Bailroad to the Erie Boad in 1869. At what time the tires were put on, 
and of what thickness they were originally, we have no record. Those tired 
were run on that engine until eight months ago, when they were turned down 
to seven-eighths of an inch in thickness, and they are still running and per- 
fect. The engine is running on an average of one hundred and twenty-five 
miles a day. Mr. Krupp heard of those tires, and has asked that they he 
shipped to him when taken ofi*. I believe that is as thin as a steel tire ought 
to run. 

The Pbesidekt— What is the heft of that engine ? 

Mr. Hill, Erie Bailroad — About twenty-six tons. It was built by Dan- 
forth, Cook & Co. 

Mr. Casscaddik, Chicago, Bock Island, <& Pacific Bailroad~I would like 
to ask Mr. Hill if he would recommend running them less than that? 

Mr. Hill, Erie Bailroad — No, sir, I would not ; I think that is an excep- 
tional case. 

Mr. Casscaddik, Chicago, Bock Island, <& Pacific Bailroad— I think that 
cold weather has a great deal to do with the safety of the tire, but I think 
when a tire gets down to one and one-quarter inches with a heavy engine 
and a rough road, it will be very apt to draw loose either in winter or sum- 
mer. I should^not like to run a tire less than one and one-quarter inches 
thick. 

Mr. Hill, Erie Bailroad — We have several sets of tires running that are 
less than one and one-quarter inches. 

Mr. Wilder, Erie Bailroad — ^I think that the quality of the steel has a 
great deal to do with the durability of the tire. We had one tire break this 
winter that was two and three-quarters inches thick, and it broke without 
any apparent flaw through the cross section. We have had other tires run 
until they were but one and one-sixteenth inches. 

Mr. Casscaddik, Chicago, Bock Island, & Pacific Bailroad— -I would like 
to inquire how much shrinkage there was in the tire that broke at two and 
three-quarters inches thick ? 

Mr. Wilder, Erie Bailroad — ^I can not say. It had then run two years, 
and had passed through one winter previous to breaking. The engine was 
built at Brooks Locomotive Works, and I believe that they generally put 
one-sixteenth of an inch shrinkage to a five-foot wheel. 

Mr. Wells, Jefiersonville, Madison & Indianapolis Bailroad — ^I have 
had occasion to remove, perhaps, five sets of steel tires within the last three 
years on account of their being worn out, and I found that they all became 
loose on the center when they were worn down to one and one-quarter inches, 
and some of them at one and three-eight incites. After they were lined up 
and turned off, they then ran until they were one inch thick in the centei;. 
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One set was only seven-eig^hts of an inch thick, and ha)d not then become 

!oose. I presume that one and one^ight inches is as thin as we can calca- 
ate to use tires. Under heavy engines probably one and one-quarter incheff 
is as thin as it is safe to run, but on light engines, perhaps, the tires can be 
used safely when not more than an inch thick. 

Mr. Woodcock, Central Bailroad of New Jersey — ^I would like to know 
something about the average mileage of steel tires on tmck wheels. 

The Pbksidxnt— That was embodied in the report in a Cable which was 
not read, but will be printed with the feport. 

Mr. Woodcock, Central Bailroad of New Jerseys— We have quite a num- 
ber of wheels that do not come up to our expectation, and we would like to 
see how they compare with others. I was speaking to the inventor of the 
process, and he said that a good steel- tired tmck wheel should make two 
hundred thousand miles if they were properly made. 

Mr. BoBiNSON, Great Western of Canada— I would like to have some of 
the members tell me the action of the steel tires after they break, those that 
are not secured by any means except shrinkage. The report does not say 
whether any damage resulted from the breakage. 

Mr. Laudeb, Northern New Hampshire Railroad— I do not think that 
there was any information given of any damage done. A large proportion 
of broken and removed tires were obtained from the Lake Shore Boad. It 
was given in the form of a table without any details. 

Mr. Graham, Lackawanna & Bloomsburg Bailroad— I gave the particu- 
lars concerning the breaking of the tires that I reported to the Committee. 
There was no damage, the tires remaining on the wheels when they broke. 
I mentioned one in my report that waer broken by striking against the end 
of a bad joint. The engineer happened to be looking down at the time, and 
his eye caught the rail before the wheel came to it ; he immediately stopped, 
and as I happened to be on the train, I went forward to see the fracture. It 
was a clean break all the way through but no other damage was done. 

Mr. Laudeb, Northern New Hampshire Bailroad*— I think that Mr. 
Graham did state that there was no damage done, but it wasr not thought 
necessary by the Committee to sjtate that fact. If there had been any damage 
done, of course, it would have been stated. 

Mr. BoBiNSON, Great Western of Ginada— This is very much like the 
steel fire box. It shows how different we are from the European practice. 
Both in England and on the Continent, you find it an exception to have stedt 
tires set without having them secured to the wheel by a flange, or by set 
screws or by some other means; whereas, in this country the opposite 
practice, having no security except the shrinkage, seems to be in vogue. An 
English railway company would be frightened to run an engine the way that 
we do here. It is the same with steel fire boxes. One country has taken 
one direction with regard to a certain practice, and another the opposite. 
We shall see which comes out best in the cottrse of time. 
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Mr. Wilder, Eire Bailroad— In regard to fastening tires to the wheels bj 
some method of set screws or rivets, I will say that among the different tires 
that we have broken during the Winter, the one that I spoke of was not 
fastened in any way but by shrinkage. The engine ran from Suspension 
Bridge to Buffalo with the broken tire in its place. Another that we had 
broken (and which was, I think, one and three-eighth inches thick), was 
secured by set screws. The tire slipped around on the end of the set screws, 
and the weight of the engine droye them back and broke out the holes. It 
broke out the casting so that it spoiled the wheel. We had some damage 
happen to another engine that had set screws. I do not see that they do any 
good in holding the tire and there is danger of spoiling the wheel. 

Mr. Oasscaddin, Chicago, Bock Island, & Pacific Bailroad — ^That reminds 
me of something that I forgot to state in regard to the tires that I mentioned. 
It was two and a quarter inches thick and broke through the countersink, for 
the end of the set screw which held the tire, and all four of the breaks were 
across and through these holes. The hole in the center where the drill run 
in was five-sixteenths of an inch deep, and at the outer edge about three- 
quarters. 

On motion of Mr. Bobinson, the dicussion on this subject was closed. 

The President — The next business in order is the report of your Com- 
mittee on the ''Construction and Improvement of Continuous Train Brakes, 
and their Application to Cars and Locomotives." The Committee consists of 
Messrs. Peddle, Gould, and Bichards. The Secretary will please read the 
report: 

Beport of Committee on the Construction and Improvements 
of Continuous Train Brakes. 

To the Ameriean Baiiway MaUer Meehanica* AstodaHon: 

Gentlemen — In pursuance of the object of their appointment, 
the Committee prepared a circular for distribution containing nine 
interrogatories, to which exactly nine replies were received from 
Master Mechanics having continuous brakes in use. Brevity was a 
marked feature in most of these replies, and as the Committee find 
themselves deficient in the quantity as well as the quality of the raw 
material with which they have been furnished, they ask the indul- 
gence of the members of the Association if the report submitted by 
them is not commensurate with the importance of the subject con- 
fided to them. 

The Westinghouse Air Brake is in use upon all of the nine roads 
from which replies were received. The advantages claimed for it are 
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common to all contiDuous train brakes, and may be summed ap as 
follows : The engineer has entire control of the train, as he should 
have ; fewer cattle are killed ; better time is made by reasoi; of 
quicker stops, and accidents from collisions or other causes are 
ayoided or mitigated. The only disadvantages mentioned, are : Cost 
of maintenance and defects in the reversing apparatus of the steam 
cylinder which compresses the air, which, however, has been modi- 
fied and improved in the apparatus as now constructed. 

The cost of repairs per engine, exclusive of casualties, is returned 
by five roads as follows : 

Cleveland & Pittsburgh - $87 00 

Vandalia Line 41 03 

Eastern Bailway S7 50 

Little Miami ~ 22 68 

Great Western, of Canada, 5.8 cents per one hundred miles, which, at 
a yearly mileage of thirty thousand (a fair estimate for a passenger 
engine), amounts to $17 40 per year. 

Only two statements were made of the cost of maintaining the 
brake on passenger cars, viz.: 

Eastern Bailway $4 35 per car per year. 

Vandalia Line 4 65 per car per year. 

Mr. Eobinson states that the expense is so small that it is not sep- 
arated fVom the other car repairs. 

To the third question Mr. John L. White replies as follows : 
'* Upon one occasion a hose burst when the air was turned on sud- 
denly, by which the brake was made useless, and in consequence the 
train ran into a misplaced switch and collided with a freight train on 
the siding." 

To the fourth question Mr. White also furnished the following re- 
ply : " In one instance a passenger train, running at the rate of for- 
ty-five miles per hour on a slight down grade, was stopped within 
seven hundred feet with engine shut off, but not reversed. At another 
time, running thirty-five miles per hour down a forty-foot grade, 
stopped within six hundred feet, saving a collision with cars on a 
side track, switch being wrong. On another occasion, running at 
the rate of thirty-five miles per hour in foggy weather, up a thirty- 
foot grade, stopped in three hundred feet, and avoided a collision 
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witb a freight train which had broken in two. At another time there 
were two horses in a bridge, train running twenty miles per hour, 
and stopped in one hundred and eighty feet. The engines were re- 
versed in every case except the first one mentioned.'' 

Mr. J. H. Setchel furnishes the following interesting items of his 
experience : ^^ The writer has had an experience in saying a passen- 
ger train, that demonstrated conclusively to his mind, the import- 
ance of reliable continuous train brakes. A little over a year ago, 
having occasion to run an express passenger train, on account of a 
little unpleasantness with the engineers, as he was nearing the sub- 
urbs of Cincinnati, and running at from twenty to twenty-five miles 
per hour, a switch was discovered to be wrong. The air brake was 
instantly applied and the engine reversed, but some cars in the siding 
were struck, and the first one split in halves, and the others knocked 
some distance, and into a house. The smoke stack of the engine 
was knocked off, and the front end and pilot were badly broken ; but 
the passenger train, although running on a sharp curve where it 
might have been expected that a fearful wreck would be made, was 
completely saved by the prompt application of the air brake — only 
one coupling in the train being broken. The switch had been pur- 
posely changed, where a spur track ran off from the inside of a sharp 
curve into a lumberyard. The distance from where the switch could 
be seen, to where the cars stood, was three hundred and fifty feet. 
Many other cases might be given where the air brake has been of 
signal service in saving life and property ; but I will only give you 
two, both occurring to the same train and engine, and on the same 
trip. The first was caused by a broken rail, which threw the front 
truck of the third car from the track, in the immediate vicinity of a 
cattle guard. The train was running twenty miles per hour, and had 
six cars. The engineer says : > We stopped within four hundred 
feet after the alarm wias sounded, with but little damage to the train.' 
The second was caused by a broken axle in the front truck of the 
Iftdies' car. The train had now four cars, and was stopped before any 
nsterial damage was done. The weather was very cold, the ther- 
iDometer standing at eight degrees below zero. In these cases, that 
fflnch suffering and destruction of property was avoided by the use 
ofth^ air brake, there can be no doubt." 
•fca answer to the fifth question, Mr. J. Johann, of the Toledo, 
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Wabash, & Western Eailway, reported that the improved Automatic 
Brake is in regular use on that line, and that he considers it a very 
essential feature. 

Mr. John Thompson replies as follows : " We have two of the Au- 
tomatic arrangements put on our trains with which we made the ex- 
perimental tests, which were highly successful, showing a great su- 
periority, in the tests made, over the ordinary arrangements. The 
Automatic apparatus is not in use now, by reason of the burning of 
an entire train, while standing in the shed, with all the apparatus. 
The use of the other was discontinued for the reason that it is too 
complicated to warrant the continued use of it, while the ordinary 
arrangement answers the general requirements as well; in other 
words, it would be a question whether the apparatus, not being in 
daily use, could be kept in working order, ready to meet extraordi- 
nary emergencies, unless it was made a substitute for the original ; 
my opinion is that it would not." 

Mr. G. Eichards replied that one train on the Boston & Provi- 
dence Railroad is equipped with the Automatic Brake, but for geu- 
eral purposes he preferred the other. 

Mr. W. A. Robinson replied : " We have one set of cars fitted with 
the Automatic principle, which meets all the requirements. I con- 
sider this an important feature in a continuous brake system.'' 

Mr. Reuben Wells replied as follows : <^ Except in cases of trains 
running at high speeds, or crowded roads, it is my opinion, consid- 
ering the complication^of the apparatus, and the difficulty in keep- 
ing all parts of it in perfect working order, that it is, on the whole, 
not desirable." 

From the fact that one member only of the Committee has actual 
experience with the improved brake, they will not express an author- 
itative opinion upon its merits ; but, at the same time, admit that it 
is a very ingenious mechanical contrivance. A more extended trial 
upon the roads now using it will demonstrate its actual worth. 

The general tenor of the replies to the sixth question was, that, if 
the air cylinders are regularly cleaned and lubricated, and if the 
brake is properly manipulated by the engineers, there is little or no 
trouble in starting up a train after a stop has been made. Crude pe- 
troleum is recommended as a lubricant for the piston leathers. One 
member of the Committee experimented with a release valve attached 
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to tlie car cylinders, whicli permitted a sudden exhaustion of the air 
from the cylinders the moment the pressure decreased in the air 
pipes, hut found that great care was required hy the engineer using 
the brake to prevent a disagreeable concussion of the cars of the 
train, and that in descending long and steep grades where a frequent 
application of the brake was required, so much air was allowed to 
escape as to make it difficult to keep the pressure up to the working 
point, and its use was finally abandoned. 

The answers to the seventh question were generally to the effect, 
that, the durability of car wheels, under the application of the auf 
brake, is as great, if not greater, than with the old hand-brakcf ajrs- 
tern. This, however, is a difficult question to settle, unless where 
the wheels are manufactured by the railroad companies usiii^ them, 
md the mixture of iron used is known, as the quality of wheels from 
different makers, and from the same makers at different times, is con- 
stantly varying. The ability to make quick stops at stations without 
any particular exertion on his part, is a strong temptation to the en- 
gineer to use this power to its extreme limit, and under the varying 
conditions of weather and load in train, the wheels are frequently slid 
without his being aware of it. This is especially the case with tender 
wheels upon which the load varies from ten to twenty tons. The 
Committee are, therefore, unwilling to concede that a greater service 
can be got from car and tender wheels by the use of power brakes as 
compared with the old hand brakes, unless more reliable data can be 
furnished. 

The respondents to the eighth question suggest no improvement 
which would make the air brake more effective or less costly in main- 
tenance. 

To the ninth and last question, Mr. William A. Eobinson replied 
that the brake had been applied to the drivers of one freight and one 
passenger engine, and was doing well, but no special experiments 
had been made to test its efficiency. Mr. VTohann, also, had one en- 
gine fitted with the brake, and he considered it a valuable auxiliary 
to the train brake, but gave no particulars. 

This finishes the subject as far as the information derived from 

the replies to the circulars carries it. The very full critical report 

of the Committee of last year upon the different systems of brakes 

in use, renders it unnecessary for this Committee to go over the same 

9 
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ground. In the main they indorse the conclusions of the Committee 
as to the superior advantages of the Westinghouse Brake. They are 
of the opinion, however, that the air hrake of the future must com- 
bine equal efficiency with a cheaper and simpler compressing appa- 
ratus ; and whether that object can be best attained by a donkey 
pump, or by utilizing the working machinery of the locomotive, or 
the momentum of the engine and train, is the problem to be solved. 
Within the past eighteen months two new inventions have been 
brought before the public, which make use of the steam pressure to 
produce the power, and water or some non-freezing liquid to transmit 
the power to the brakes under the cars. One of these inventions is 
known as " Henderson's Hydraulic Brake," and the other as the ^* Mo- 
Bride Hydraulic Brake." The former has been in use for about nine 
months upon the Westchester & Philadelphia Bailroad, a small road 
in Eastern Pennsylvania ; but the other, we believe, has not^ reached 
the experimental stage as yet. A brief description of the Henderson 
Brake, taken from the circular of the company, will answer for both, 
as they are on the same principle, though differing somewhat in the 
details, McBride having appropriated the Westinghouse car fixtures 
complete, as shown by the wood cut of his in his circular. 

" Between the wheels of each truck there is placed a cylindrical 
vessel of cast iron, whose ends are formed of two dish-shaped flexibly* 
diaphragms of India rubber, secured to the drum, and making an 
air-tight joint at the periphery by flanges bolting thereto. Two rams, 
working in opposite directions, are fitted against and into the hollow 
part of the diaphragms*; their outer ends are attached by rectangular 
flanges and bolts to the brake beams carrying the brake shoes. The 
several castings are simply bolted together, with the diaphragms as 
they come from' the foundry, without recourse to the usually expen- 
sive mechanical fittings. 

" When pressure comes between the diaphragms, it simply forces 
them apart, projecting the rams, which act immediately on the brake 
beams, applying the brakes ; and when the pressure is relieved the 
atmosphere reacts on the area of the rams and forces them back, as- 
sisted by the tendency of the diaphragms themselves to recover their 
normal condition. The peculiar construction of this device, it will 
be seen, possesses all the requirements of a cylinder and working 
piston, as well as recoil springs. All piston packing and stuffing 
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boxes are dispensed with, and no lubrication is reqired ; the interior 
is sealed from dust, all complications of levers and rods and attend- 
ant lost motion is done away with, and its operation is free from all 
connection with the usual hand-break gear, which remains as efficient 
as before. When the brake shoes are arranged on the outside of the 
wheels, as on the Westchester & Philadelphia Eailroad, one of the 
rams and diaphragms is dispensed with, and the casting is bolted di- 
rectly to the outside of one of the brake beams. Action and reaction 
being equal, when pressure is applied the casting presses one way 
and puts its brakes on, and the ram going outward draws the oppo- 
site brakes on by means of two rods attached to the head of the ram, 
and connecting with the other brake beam. The power is derived 
directly from the boiler of the locomotive ; we have, therefore, at our 
command the same power to stop the train which is used to impel it 
fbrward. The device employed to transmit this power to the pressure 
boxes just described, consists of an hydraulic press operated by a 
double-acting steam cylinder, the valve of which is worked by the 
hand of the engineer. There is a piston in each ; steam actuates the 
one to force the water from the other, thus creating hydraulic pres- 
sure on the pressure boxes, and to withdraw the same to release the 
brakes. An air cushion is provided above the press piston to pre- 
vent striking the heads when coming back light. The press receives 
water from a tank, which may be the engine tank, or a special tank, 
provided for the purpose, through a pipe furnished with a check 
valve opening toward the press cylinder, in such a manner that the 
fluid can not return to the tank. For low temperatures a mixture of 
equal parts of glycerine and water is used in lieu of water, which is 
safe to thirty degrees, Fahrenheit, below zero. Iron pipes are used 
under the cars with flexible hose between them, furnished with 
hydraulic couplings, which it is obvious must be tight, both with and 
without internal pressure, a peculiarity possessed by this coupling 
alone." 

The Committee hazard the opinion that a fluid like water, devoid 
of elasticity and liable to freeze at a low temperature, will hardly be 
able to supersede compressed air as a transmitter of power to contin- 
uous brakes. It requires a considerable amount of power to over- 
come the inertia of a long column of water and put it into a rapid 
motion, and also to check that motion suddenly, and such operations 
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are always accompanied by oonoussion or '^ thumping " in the ma- 
chinery used, unless mitigated by a cushion of air, as in the familiar 
example of the air chamber placed on the suction and delivery pipes 
of pumps. Any medium, then, which is sluggish in its action, and 
when finally put in motion imparts the full pressure suddenly to the 
brake shoes, is not so desirable as one which can be put in motion 
instantaneously, but which gradually brings the pressure up to the 
maximum. 

In the circulars issued by inventors of brakes, much stress is laid 
upon their ability to make short stops with their peculiar kinds of 
brake. Now, the old Loughridge Friction Brake made as good a 
record in that respect as any of its successors, but the application of 
the brake communicated a sudden shock to the ears, which was any 
thing but agreeable to the passengers, and, in fact, sometimes emptied 
the seats. The great advantage of the air brake is, that this sudden 
shock is avoided without the efficiency of the brake being impaired. 
The movement of the brake blocks should be simultaneous, or nearly 
so, with the application of the pressure, and the release of the same 
by the engineer. 

It may not be out of place to state a simple rvie for determining 
theoretically the retarding power of a good continuous brake, as a 
means of comparison with actual reported results. 

Let us suppose that a train, consisting of an engine weighing 
thirty tons, with a tender weighing twenty tons, and six cars weighing 
twenty tons each, in all one hundred and seventy tons of two 
thousand pounds, is running at a speed of forty miles per hour on a 
straight and level track. It is required to know the distance in 
which said train can be brought to a^ state of rest, and the time 
consumed, after shutting off steam and applying the brakes which 
are assumed to be fitted to the tender and six cars. A speed of forty 
miles per hour is equivalent to fifty-eight and seven-tenths feet per 
second, and by the law of gravitation a body projected vertically 
into the air with an initial velocity of that amount will ascend fifly- 
three and a half feet before it is arrested by the force of gravity. 
Similarly a railroad train moving on a horizontal track at the same 
speed will be brought to a state of rest after shutting off steam, if a 
retarding force can be applied equal to its own weight. The resist- 
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a&ce of the atmospliere is not taken into account in either case at 
prc^sent. 

l^ow the retarding forces available for stopping a train, are the 
fVi<stion of the brake shoes upon the wheels, the axle friction, the 
rolling friction of the wheels upon the track, and the resistance of 
tlie atmosphere. The brake friction bears a certain proportion to 
ilie pressure applied, and varies somewhat with the condition of the 
ireiither, but one-sixth of the pressure applied, may be considered a 
fair average allowance. 

The pressure upon the brakes is limited by the weight on the 
wlieels fitted with brakes, and the weight on the wheels must always 
exceed the sum of the brake pressure and axle and rolling friction to 
preyent sliding of the wheels. If we allow one ton for axle and. 
wlieel friction, to be on the safe side (it is actually less than one-half 
iliftt amount), it Vill leave one hundred and thirty-nine tons avail- 
able for brake pressure, and one-sixth of this, twenty-three and one- 
Bixth tons, or forty-six thousand three hundred and thirty-three 
pounds, will be the brake resistance. To this we must add the axle 
and rolling friction, and the resistance of the atmosphere, which at 
the speed indicated, may be set down in the aggregate at fourteen 
pounds per ton of train, or two thousand three hundred and eighty 
pounds, and the total resistance will then be forty -eight thousand 
seven hundred and thirteen pounds, or one-seventh of the weight of 
tlie train. If, as before shown, a train will run fifty -three and a half 
feet in one and eighty-two one-hundredths seconds if the retarding 
foree is equal to its own weight, it will run seven times that distance, 
or three hundred and seventy-four feet, if the retarding force is 
one-seventh of that amount, and will consume about thirteen seconds 
of time. 

But this calculation is based on the supposition that the full 
brake pressure is applied at the instant of shutting off, which is 
never the case in practice. 

With the original Westinghouse Brake, three or four seconds are 
'Wnally consumed in getting full brake pressure upon a train of six 
<^, and it will be safe to assume that a distance of one hundred 
*nd sixty feet will be passed over before the full effect of the brake 
o&n be exerted, and if this distance is added to that previously given 
tke total distance run after shutting off and applying the brake, 
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will be two hundred and thirty -four feet, and the time required may 
be roughly stated as sixteen seconds. 

The Committee regret that no report was received firom members 
using the Smith Vacuum Brake. Considerable interest was mani- 
fested in this invention a't the last meeting of this Association, and 
its chief merits, simplicity of construction, and low cost of mainten- 
ance were duly set forth; but although it is in regular use on 
thirteen prominent railroads, the Committee has not been furnished 
with a scrap of information in regard to its working during the past 
year. From published reports, it appears that the Westinghouse 

Air Brake is in use upon one hundred and railroads in 

this country. This successful result is to be attributed to the busi- 
ness energy and tact of its inventor no less than the intrinsic merits 
of the brake. The Smith Vacuum Brake is in use, as stated above, 
upon thirteen, and the Loughridge Air Brake on two prominent 
lines in this country. No information in regard to the other brake 
systems has been received by your Committee. 

All of which is respectfully submitted. 

CHARLES R. PEDDLE, 1 
F.GOULD, yOommiUu. 

G. RICHARDS^ J 

On motion of Mr. Casscaddin the report was accepted. 

The President — Discussion upon this subject is now in order. 

Mr. Woodcock, Central Railroad of New Jersey — ^I would state that our 
road is using the Vacuum Brake, we have it on fifty-nine engines and one 
hundred and seventy-two cars. The brake is giving entire satisfaction. We 
have used it since July, 1872. It has never failed, and from all the informa- 
tion I can get it is doing its work satisfactorily. We like it for its simplicity^ 
its effectiveness, and because it costs much less to keep it in repair than any 
other. As near as we can figure on the expense of keeping it up, it is about 
$4.22 per year per car, and $9.55 per engine. 

Mr. Hudson, Rogers Locomotive Works — I have only a word to say on 
the subject of brakes. I learned that within the past twelve months the 
Vacuum Brake Company have sold out their interest to the Westinghouse 
Company. In conversation with Mr. Westinghouse in relation to an order 
that we had for a Vacuum Brake for South America, I learned that he 
recommended decidedly the Westinghouse in preference to the Vacuum 
Brake, and claimed that it was very much superior. Of course that is very 
natural for him; we, however, might not come to the same conclusion. He 
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stated among other things to me, that from their own experience they found 
it better to use wrought iron brake shoes on tired wheels, and cast iron brake 
shoes on cast wheels; and that the result was the wheels were not so liable 
to break where the brakes were in continuous use. In other words, a cast 
iron shoe did not impart as much heat to a cast iron wheel as a wooden 
block would. That is an important matter, especially in a country where 
they have to use the brakes for thirty miles in succession on a continuous 
down grade of twelve hundred feet per mile. The brake shoe that will do ' 
the business with the least detriment to the wheel is to be preferred. I 
presume that some gentlemen here have experience as to the best material 
for brakes and brake shoes, and I would like to hear their opinions or experi- 
ence to learn whether it corresponds with the information obtained by me 
from Mr. Westinghouse. 

Mr. Chapman, Cleveland & Pittsburgh Railroad — I would state that for a 
year past we have been using upon our passenger trains malleable iron brake 
shoes, made very much lighter than ordinary cast iron, and with very good 
results. They wear much longer and give much better satisfaction than cast 
iron brake shoes. 

Mr. Wells, Jefifersonville, Madison & Indianapolis Railroad— I would 
like to ask Mr. Chapman how the cost of malleable iron compares with the 
cost of cast iron in rendering the same service ; whether it is cheaper to use 
malleable iron than ordinary cast iron ? 

Mr. Chapman, Cleveland & Pittsburgh Railroad — We find it cheaper to 
use the malleable iron — the malleable iron weighing a little less than one- 
half what cast iron does — costing about three times as much, and wearing 
about four' times as long. 

Mr. Casscaddin, Chicago, Rock Island, & Pacific Railroad — I would like 
to ask if there is any other member here than the one who has already spoken 
for the Vacuum Brake who can give us further information in regard to it ? 
I have been using the Westinghouse, and I think it has been rather expen- 
sive; but as I have not used the Vacuum I can make no comparison. 

Mr. HoLiiiSTEB, Lebanon Valley Railroad — Our road has been using the • 
Vacuum Brake for the past year on twenty cars and six engines. We have 
had no expense to incur except, occasionally, for replacing a hose which has 
been broken off. 

Mr. Gbaham, Lackawanna & Bloomsburg Railroad — ^I would state that we 
put the Vacuum Brake on six engines and a hundred cars last fall, and we 
have had no expense attending it since with the exception of some hose that 
was pulled apart by pulling the pin out without disconnecting them. 

Mr. Peddle, Terre Haute & Indianapolis Railroad — It would have been 
a great deal more satisfactory to the Committee if we could have obtained 
this information in time for the report. There were only nine reports made 
to the Committee, and they were very limited in extent. I think that the 
object of these Committees is to get the actual experience of members so that 
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we can have something reliable in the reports. We attempted to get the cost 
as far as we could, but the reports were very meager in that information. 
Now the gentlemen say that they Iiave had the Vacnum Brake in operation ; 
that it runs first-rate, and costs nothing, etc.; but they did not give the Com- 
mittee any information about it. 

The President — I do not blame the Committee for rubbing the ears of 
all these parties who speak on this subject for not answering the circulani, 
but I hope that will not have any influence in restraining parties from speak- 
ing of it in the Convention. I hope that we may get the experience of all 
the members who have used any kind of brake, in order that we may place 
upon record what we know to be the facts with regard to them all ; such in- 
formation will be of value, not only to this Association, but to the whole 
country ; and it is, therefore, our duty to state all the facts. 

Mr. Setchel, Little Miami Bailroad— I was in hopes that the members 
would take up this subject as readily as they had done the subject of boilers 
and boiler materials. For I think that it is only second in importance to 
that subject. I believe that, so far as our own road is concerned, it is the 
unanimous opinion that we could not afford to do without the continuous 
train brake. We have in use^ the Westinghouse Brake pn sixty cars and 
twenty-three engines ; and I must say that I was quite surprised to see that 
the expense was so light as it proved to be. Immediately after the Chicago 
Convention I gave orders to have an accurate account kept of all the mate- 
rial used for engines, and gave the result to the Committee. I am not satis- 
fied with the action of the air pump of the Westinghouse Brake. I think it 
might be made more simple and less expensive. I can not see why the West- 
inghouse people will persist in using that expensive pump, unless it is to 
keep up an appearance which will justify the enormous price they ask for the 
use of the brakes. Every member here knows very well that there is ample 
opportunity of placing upon the locomotive an air pump in almost any x)08i- 
tion that you desire it, and which could be worked by the engine when in 
motion. The objection made to this is, that you must always have air stored 
up in your reservoir. That I do not consider a sufScient objection. If yoor 
reservoir is tight it needs only a stop cock to be turned upon the pipe lead- 
ing to the reservoir to maintain as much pressure as you need at all times. 
That would be just as simple as it is to turn the three-way cock in the West- 
inghouse Brake. A sufficient pressure could thus be maintained at all times, 
and the reservoir of air could be kept while the engine was standing in the 
house as well as on the road ; and thus we will always have a sufficient amount 
of air to stop the train. By this arrangement the expense of equipping an 
engine would be twenty-five per cent, less than what it is now — I mean for 
the pump alone. The Loughridge Air Brake which has been adopted on 
the Baltimore & Ohio Boad, as I have been informed by engineers that hare 
run it, involves no expense whatever except for the oil used upon it. It is a 
much simpler arrangement, and it seenis to me that the members of the Con- 
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rention ought to giye a decided expression of their opinion in fayor of some- 
thing that is not so expensive as the Westinghouse Pamp. 

Mr. Lannon, Western Maryland Eailroad — I would state that since last 
February we have been using the Loughridge Brake. We have it on three 
engines. Two trains are fully equipped with it. The expense of equipping 
m engine and train is very little. We find no difficulty in retaining air in 
the reservoir over night. We go into the engine house with seventy-five or 
dgbty pounds of pressure in the reservoir. We put the stop cock as close to 
the reservoir as we can get it, and when the engine is put away— say at night 
—this is closed, and in the morning when we come out on the table the cock 
is opened, and we find by the air gauge that we have not lost over three 
pounds during the night. The pump and reservoir cost us about $80. The 
reservoir contains thirteen cubic feet. It has given us no trouble ; in fact not 
IS much as the ordinary hand brake that we were using before adopting this. 
We had not been using this brake long enough to answer Mr. Peddle's cir- 
calar, and that is the reason I did not. I met Mr. Loughridge in Baltimore 
on the morning I was coming away, and he told me that he had written to 
Hr. Peddle with regard to the matter, and also gave him a challenge to lay 
before the Convention. 

Mr. Peddle, Terre Haute & Indianapolis Eailroad — Mr. Jjoughridge sent 
me a paper, but I received it too late for the report. He gives a challenge 
to all parties to meet him in the Centennial Exhibition and run against his 
brake. He proposes to equip ten cars with his brake and run against any 
other brake manufactured — ^they using ten cars also — so as to test the thing 
Wrly, and taking a week for it if necessary. If the Convention desire it I 
'^ill send the letter to the President to be read to the Association. 

Mr. Lannon, Western Maryland Bail road — I would further state that it 
r^^lTdred no other springs to throw off the brake from the wheel than the 
springs that we were using for the ordinary hand brake. We have no trouble 
^ starting the train on our hardest grades, and we have some of ninety-five 
feet to the mile. 

Mr. Robinson, Great Western of Canada— I would like to ask the mem- 
)>er8 who are using the different air brakes whether they use them on freight as 
^ell as on passenger cars ; and, if so, whether they experience much trouble 
with the temporary pipes that have to be used ? On the Great Western 
Hailway we are very much pleased with the Westinghouse Brake, and we 
Have had no trouble with it. It has given great satisfaction. But our line 
being a link between other railways, we frequently have foreign cars passing 
o^er oar road, and under these we have to connect India-rubber pipes tem- 
porarily, and take them off again at the end of two hundred and thirty miles. 
The expense of these pipes, because of the frequent breakage, is greater than 
&U the other, but can not be charged to the air brake. Ours is, probably, an 
ttoeptional case, but I mention it thinking that the information may be 
ttteftil. '« 
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Mr. Young, Cleyeland, Columbus, Cincinnati, & Indianapolis Railroad — 
I would like to inquire if any members are using the Driving-wheel Brake; 
and, if so, what the result has been ? 

Mr. KoBiKSON, Great Western of Canada — ^We have one on a passenger 
engine, and one on a freight engine, but I have been so busy that I have not 
paid any attention to it. It is a very powerful agency, and I think it rep- 
resents the brake of two or three cars put together. It brings the train very 
quickly to a full stop. That is all that I can say about it. I understand that 
the Pennsylvania Eailway has, or is going to have, a large number of freight 
engines fitted up with this brake, and, perhaps, the members from that com- 
pany can give us some information about it. 

Mr. Stbattan, Pennsylvania Central Eailroad — ^There are a large num- 
ber of engines being fitted with driver brakes on the Pennsylvania Bailroad, 
a few of which run to Altoona ; but they have been in service so little that 
no definite results have been obtained yet. The brake is applied either by 
levers or by cones to the drivers. I have ridden only twice on engines hav- 
ing a driver brake, but the elasticity of the air in the cylinder seems to com- 
pensate for the vibration of the brake over the drivers. My anticipation 
was that the brakes would be held up against the drivers rigidly ; but the 
elasticity ofJ;he air in the brake cylinder seemed sufficient to. make connec- 
tion easy. The brakes have not been in use long enough to give decided 
results ; but so far there has been no complaint. We first thought that the 
application of leverage between the wheels would strain the axles in the oppo- 
site directions, as against any wear that might occur in the boxes, but it does 
not seem to have that effect. The rods can be run with driver brakes equally 
as tight as without them. Not having to hold the momentum of the engine 
by brakes on the cars, looks as if it would result in benefit to the car wheels. 
Although we were in some doubt about the utility of the brakes when we first 
applied them, they are gradually gaining in favor. 

Mr. Robinson, Great Western of Canada — I would confirm what Mr. 
Strattan has said. I was afraid of the side draw of this driver brake, and for 
that reason I had only one put on at first, that I might give it a trial. I 
thought there would be a severe action on the springs and also on the side 
rods ; but it is as Mr. Strattan says, the action is entirely counterbalanced. It 
is ftlmply the wheel brake acting against an air brake. We run at a very 
high speed and came to a full stop, but there was no jerking motion. The 
brake has been in use over nine months. Mr. Setchel mentioned something 
about the Westinghouse Air Pump. I was told the other day that the West- 
inghouse Company was getting up a new air pump, simpler and very much 
cheaper to maintain, and stronger in all its parts. 

Mr. Wilder, Erie Railroad — I would like to ask the gentlemen who have 
had experience with this brake, what effect it has upon the tires of the en* 
gine? 

Mr. Robinson, Great Western of Canada— I prefer to have the tires fast- 
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ened, but if tbey are loose I should not think the brake would haye any ill 
e£fect. 

Mr. Stbattan, Pennsylvania Central Bailroad — I do not think that driver 
brakes have been used long enough to obtain satisfactory results ; but the 
brake can be applied easily, so that its action on the tire will not have bad 
effect. It is possible, however, to put the brake on instantaneously and cause 
a very sudden jar. Injury can be done in that way. It is like the starting 
of an engine. It can be done easily or quickly. I had occasion to note, at 
the beginning of this month, in making a summary of our doings at the Al- 
toona shop, and reporting to the Superintendent of motive power, that on 
engines running to Altoona from each direction, there was only one during 
the month of April without air, and that was for the distance of only six 
miles running west of Pittsburgh. A set screw on the tie plate of the pump 
became loose, and the consequence was that the engine ran that short dis- 
tance without air. So far as our experience goes, I think we may consider 
that we have a perfect working pump. 

Mr. Woodcock, Central Railroad of New Jersey — The question with re- 
gard to the wear of tires by the brake is one that I take some interest in. We 
have several engines running with the brake applied to the driving wheel, 
and our experience is that it is wearing the tires, and wearing them irregu- 
larly ; that is, it is not wearing all four alike. I would like to hear from 
other members whether their experience is the same. It has been a serious 
question with us whether it was best to continue the use of the brake on the 
driving wheel because of the increased expense of the tire, although I must 
say that it is very efiective and works very nicely ; yet the question is, whether 
it will pay to continue the use of this brake at the expense of the tire. Our 
experience has been that one wheel is worn much worse than the others, so 
much more that we had to take the engine off and turn the tires. 

Mr. Young, Cleveland, Columbus, Cincinnati & Indianapolis Railroad — 
I applied the brake to one engine a few months ago, and my experience was 
not very favorable. It seemed to be wearing the tire very fast, and also 
wearing the brake shoes. A set of cast iron shoes would run only about two 
hundred and fifty miles, with the ordinary stops, before they would have to 
be renewed. The brake was fitted up with the cam motion of Westinghouse. 
There seemed to be altogether too much power when applied to the wheel. 
When the brake was applied the engine wouldjump as though she had been 
reversed and no brake had been applied other than through the engine. This 
was rather unpleasant for the passengers in the train. The expense of re- 
placing the cast iron shoes so frequently rather hinders its use« in my esti- 
mation. 

Mr. Hudson, Rogers Locomotive Works — ^There is another consideration 
of interest in relation to brakes applied to either driving or tired wheels. If 
they require to be used coatinuously for ten or fifteen miles, the tires must 
be fastened so that they will not turn ajround or get loose, because the heat 
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imparted to them tends to loosen them. In cases of that kind it becomes 
necessary to fasten the tires in some way so that they can not be moved either 
laterally or turned aronnd. In constructing some engines recently for South 
America, where the Westinghouse Brake was applied to the driving wheels, 
we found it necessary to fasten the tires so that they could not move in either 
direction y although they might get loose. I apprehend that that is one of the 
things to be guarded against in the use of this brake. • 

Mr. EoBiKSOK, Great Western of Canada — I might say that the driver who 
ran this passenger engine of which I spoke, asked me to allow him to have 
a stop cock put on, so that he could use the train brake independent of the 
driver brake. His idea is that it is too powerful to use all at once, and he 
would rather use the train brake by itself, and the driver brake only in cases 
of emergency, so asto bring the train to a full stop after the first shock has 
been taken off the train. That shows the power of the brake. 

On motion of Mr. McAllister the discussion on this report was closed. 

The President — ^The next business in order is the report on " Lubricants 
for Locomotives," but the Committee is not quite ready to report. I would 
state to the Convention that there has been no report made on Boiler Explo- 
sions. Two Committees were appointed last year, of which I was the Chair- 
man, to attend experiments to be made by the Government, but there have 
been no experiments made this year, and consequently there is no report to 
be made. It is, however, thought that there will be some experiments made 
during the coming year ; and it might, perhaps, be well to have the Commit- 
tee continued, or some other Committee appointed for the ensuing year. 

On motion, the Committee was continued. 

The PBEsmBNT—The Secretary will now read the report of Committee on 
Karrow and Broad Gauge Boiling Stock. The Committee consists of Messrs. 
Hudson, Sprague, and Brooks. 

Report of Ck>m]nittee on Narrow and Broad Gauge Boiling 

Stock. 

To the American EaUway Master MechanM A880ciati<m: 

Gentlemen — The Committee appointed at the last meeting of the 
Association, on the subject of Narrow and Broad Gauge Boiling 
Stock, beg leave to submit the following report : 

The questions asked were as follows : 

1. What is the gauge of your road ? 

2. What and how long are the maximum grades on your road ? 

3. What is the minimum radius of the curves, and how long and 
frequent are they on your road ? 

4. Give size, weight (including tender), and tractive power of 
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tcb elaBfl of engine on your road. Let the tractive power be de- 
Kmined from work done. 

6. Give weights of each class of cars (fonr and eight wheeled), 
Xi the loads carried by each. 

6. What is the relative proportion of income from your passenger 
^d freight traffic ? 

7. In what does the bulk of your freight traflBc consist ? 

8. Give cost of repairs of engines and cars per mile. 

9. From your experience, which is the best gauge — narrow or 
rdinary (four feet eight and one-half inches) ? 

Replies were received from twelve roads, and the information ob- 
^ined is embodied in the accompanying table. 

Very fVill reports were made by Mr. Peddle, of the St. Louis, 
andalia, Terre Haute & Indianapolis Railroad, and Mr. Wells, of 
le Jefifersonville, Madison & Indianapolis Eailroad. 

To the ninth question Mr. Peddle replied as follows : 

From my experience I would prefer the five feet gauge to either 
* the other gauges. For two reasons : the first is, that a wider 
heel-base would enable the modern raised deck coaches and sleep- 
g oars, in which the center of gravity is much higher than the old 
yle coaches, to be run with greater steadiness and freedom from 
4)ilIation at high speeds. Another reason is, that it would give 
oomotive builders more room between the frames, and enable them 

lower the barrel of the boiler, and also widen the fire box, and do 
ray with the offset in the sides, in the vicinity of the tubes — a 
ury objectionable feature — and make them straight or narrower at 
.e top. 

The information in relation to narrow gauges (viz., less than 
or feet eight and one -half inches) is too meager to make a fair 
»mparison between them and the ordinary gauge. 

From the table it will bo seen that five prefer four feet eight and 
i0-half inches, or five feet to the narrow gauge or gauges. 

Two prefer gauges of three feet. 

WILLIAM S. HUDSON,! 

H. G. BROOKS, Y Committee. 

H. N. SPRAGUE, J 

Oa motion, the report was received. 

Ths Pbesident— If there is no disoossion on the subject of this report, 
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the Secretary will read the next, which is the report of the Committee on 
Machinery for Supplying Water to Tanks. The Committee consists of MeBsrs. 
White, Flynn, and Fry. 

Beport of Committee on Water Supply. 

Gentlemen — Your Committee, appointed at last Annual Meeting 
of the Master Mechanics' Association, to continue their investiga- 
tions on the subject of Machinery for Supplying Water to Tanks, 
giving description of engine, windmill, or device, with cost of 
working same, regret to state, at the outset, that very little addi- 
tional information has been communicated to them during the past 
year, only ten Master Mechanics responding to circular — a majority 
of whom either gave no new light on the subject, or merely referred 
us to last year's letters as containing their views and experience. As 
a consequence we are unable to improve upon our last report to any 
great extent, or do that justice to the subject which it deserves, and 
which the interests of the Association demands. 

The following is a copy of circular which was forwarded to mem- 
bers of the Association : 

To , M M : 

Dear Sir — The undersigned, a Committee re-appointed at the 
last Annual Convention of the American Railway Master Meobatt- 
ics Association, to report upon the subject of " Machinery for Sup- 
plying Water to Tanks, Giving Description of Engine, Windmill or 
Device, with Cost of Working the Same,'* beg leave to call your at- 
tention to the following questions, and solicit an early reply to the 
same: 

1. What arrangements have you for supplying water to tanks at 
water stations on the line of your road ? 

2. Please give description of engine, steam pump, windmill, 
horse power, or other device, employed for the purpose, the number 
of gallons raised per day, or for each twenty-four hours, and the cost 
of working the same ; or, if the tanks are supplied by a natural fall, 
describe the kind of pipes used to convey the water, and the best 
method of putting them down ; the kind of bulkhead or dam at the 
fountain, and best method of keeping the strainer from being choked 
up or damaged from driftwood, etc.; also describe the means of pro- 
tection you have found most effectual in frosty weather for pipes 
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under ground or otherwise Bituated, and for tanks in open air and 
machinery in buildings. 

3. Describe what arrangements you have for delivering water 
from tanks to the tenders, and state whether it can be practicably 
kept free from leakage and safe during frosty weather. 

4. Describe the best method you are familiar with for supplying 
water to tanks. 

5. In your description, give, as far as convenient, drawings or 
sketches of the parts you describe ; and, where practicable, state- 
ments of the cost of the work. 

6. The Committee are desirous that the importance of giving the 
C€Mt of raising the water, and the number of feet raised, may not be 
overlooked as a satisfactory report can not be made without it. 

Kespectfully yours, 

J. L. WHITE, E, & a B, i2., ^ 

J. H. FLYNN, W. & A, B, B., [ CommiUee, 

HOWARD FKY, Erie B. B. J 

In reply to circular we herewith give a summary of all informa- 
tion received during the past two years. 

In supplying water to tanks the following methods are mentioned, 
via.: Pump worked by steam and Caloric Engine, Fulsome ters, 
Natural Fall of Gravitation, Windmills, City Water-works, Horse 
and Hand Power, Hydrostatic Hams, and Water-wheels. 

STEAM POWER. 

Under this head are mentioned steam engines with cylinders eight 
by sixteen, four and a half by twelve, and four by six inches; 
also steam pumps of various manufactures, among them the Blake, 
McGowan, Knowles, Worthington Duplex, Moor & Co., Cope & 
Maxweirs, as also the Palsometer. The number of gallons raised 
by different pumps, which, of course, varied according to their capac- 
ity and the requirements of service on different roads, is given in a few 
instances, but the cost of raising same is generally omitted, or some 
important item overlooked which prevents a comparison. Several 
Master Mechanics report that pumps are attended to or worked by 
eleaners, watchmen, and persons employed at stations in other capac- 
ities, and the steam power frequently applied to other purposes, such 
as sawing wood, warming stations, or running machinery, rendering 
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it somewhat difficult to arrive at actual cost. The following are the 
answers received to question No. 2 of circular relative to cost of sup- 
plying water to tanks : 

Mr. Peddle states that on the T. H. & I. Railroad with No. 6 
Knowles Pumps, it costs six and two-tenths cents to raise one thou- 
sand gallons a distance of thirty-five feet, but adds that these figures 
do not include interest, or original cost, or cost of repairs on pumps, 
it being difficult to separate these items from repairs of tanks, spouts, 
and buildings. 

Mr. Robinson, of the Great Western Railroad, Canada, states that 
where steam power is used for pumping, the relative cost to quantity 
of water raised, is about one dollar for ten thousand gallons, fuel 
and wages included, the water being raised ninety feet. 

Mr. Peeples, of the Central Railroad Company, of New Jersey, 
states that with the Worthington Duplex Steam Pump, ten-inch steam 
cylinder, six-inch plunger, and ten-inch stroke, one hundred and 
fifty thousand gallons can be raised in ten hours at a cost of $85 per 
month. 

Mr. Hayes, of the Flint & Pere Marquette Railroad, says that with 
the Knowles Patent Steam Pumps it costs two dollars to fill a tank 
containing eight thousand gallons, the raise of water being thirty- 
one feet. 

Mr. Ross, of the M. & C. Railroad, states that with Cope & Max- 
welFs new improved pumping engines, thirty-six thousand gallons is 
pumped in twenty-four hours at a cost per day, labor and fuel, of 
«1.75. 

Mr. Finlay, of the Cairo & Fulton Railroad, Arkansas, gives the 
cost of filling tank containing sixteen thousand nine hundred and 
twenty gallons at $57 per month, average lift of water being eighteen 
feet. The pumps used are the four by eight McGowan & Knowles 
No. 5 Steam Pumps. 

Mr. Wells, of the J., M. & I. Railroad, while unable to give the 
number of gallons raised, with cost of same, gives the cost per month 
of water supply for main line and branches (two hundred and twen- 
ty-four miles in all), at 9600, and repairs of stations, pumps and fix- 
tures, fuel, and all other expenses, at an average of $385 per month. 
At one station on this line water is supplied by portable engines be- 
longing to private parties, at a cost of $40 per month. 
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NATURAL PALL OR GRAVITATION. 

Where tanks are supplied by natural fall or gravitation, descrip- 
tions have been given as follows : The pipes used for conducting 
water are from two to three and one-half inches in diameter. In one 
instance mention is made of water being conducted a distance of four 
thousand five hundred feet through old boiler tubes two inches in 
diameter, the connections being made with cast-iron couplings, with 
fine thread on pipe. In the larger size of pipes the joints are made 
with lead as for city water-works pipe. The head of fountain or 
spring is usually inclosed with masonry, over which a house is built 
to protect strainer. Dams are also built of masonry, banked with 
earth, and strainers of copper or iron over end of pipe. Mention is 
made, in several instances, of the pipes being dipped in a solution of 
coal tar or asphaltum as a preventative against corrosion. Mr. Koss, 
of the M. & C. stating that in his department they were taken up 
every three years and cleaned. For protection against frost, laying 
the pipes a suitable distance under ground is all that is recommended, 
three to four feet being mentioned, varying according to location or 
climate. Pipes above ground are in boxes filled with earth, saw- 
dust, ashes, or manure. 

Mr. Peddle, of, the T. H. & I. Eailroad, states that when water is 
supplied by gravity from ponds, and trouble experienced from pipes 
filling with mud, they are blown out by attaching a small hose to 
the ends of the pipes at water stations, and also to the heater cock 
of a locomotive ; or, what is still better, to the reservoir of the 
Westinghouse Brake, and using the air pump to drive a current of 
water back into the pond. 

WINDMILLS. 

Very little information has been communicated, under this head, 
further than stating that they are used successfully on different lines. 
Mr. Boone reports the cost of operating them on the P., Ft, W. & 
C. Railroad, about $10 per year, and states thas they require no at- 
tention except oiling once a day, which is done by the section fore- 
man as he goes over his section in the morning. Larger tanks or 
reservoirs are required in connection with them than steam pumps, 
as provision must be made for a supply in case the wind should fail 

10 
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and an automatic arrangement stopping tlie mill wlien the tubs are 
full. As for other systems mentioned, all that can be gleaned from 
the replies is as follows : Mr. White, of the E. & C. Railway, states 
that at the terminal stations on this line, the water is supplied from 
city water- works at a cost of twelve and three-tenths cents per one 
thousand gallons, and at intermediate points by pumps worked by 
horse power at a cost of fourteen and one-half cents per one thou- 
sand gallons, the average lift of water J)eing twenty-five feet. 

Mr. Peddle, of the T. H. & I. Bailroad, gives the cost of raising 
water a distance of thirty-five feet, with horse power, at twenty-two 
cents per one thousand gallons ] pumps four inches diameter and 
eight-inch stroke. 

Mr. King of the C, C. & A. Railroad, South Carolina, states that 
the best and most economical arrangement for supplying water to 
tanks on that road is the water wheel, which, after being once put in 
operation, costs little or nothing for repairs. He incloses sketch and 
detailed cost of same, which, with water tank, amounts to $630. On 
this line hand pumps are operated by colored men at a cost of 918 
per month. 

Mr. Weaver, of the Eastern Kentucky Railroad, states that the 
pulsimeter works very nicely where water does not have to be raised 
over fifteen feet, beyond which they do not answer so well. They 
are very reliable, and the cost of operating is trifling. 

Mr. Fuller, of the A. & G. W., says that with twenty pounds of 
steam they raise one hundred and seventy-five gallons per minute. 

* 

ARBANOEMENTS FOR DELIVERING WATER FROM TANKS TO 
TENDERS. 

The arrangements mentioned for delivering water from tanks to 
tenders are for stations near the track, the common drop pipe, and 
where water is brought from a distance, the revolving stand pipe. 
The descriptions given by Master Mechanics of the construction and 
operation of delivery pipes vary somewhat in details, but in the main 
they are constructed on the same general principles, and have been 
omitted from report by Committee as they did not wish to burden it 
with details already familiar to members. Several Master Machinists 
report using patent drop and stand pipes, which give good satisfac- 
tion, among them McGowan's, Linn's, Halliday's, and Morgan's. Opin- 
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ions as to the best method of supplying water to tanks have been 
given as follows : 

Mr. BobinsoD, of Oreat Western Bailroad, Canada, states that the 
windmill is, undoubtedly, the most economical, provided the capac- 
ity of tank is sufficient and locality favorable for a reliable water 
wpply. 

Mr. Boone, of the, P., Ft. W. & C. Bailroad, considers natural 
fall or gravity the best, when it can be had ; next, windmills, where 
the formation of the country will admit ; and, next, steam power. 

Mr. Boss, of the M. & C. Bailroad, considers the fountain reser- 
voir or natural fall the best and cheapest mode where the water sup- 
ply is fully ample ; the water to be conducted through large cast-iron 
pipes, and then discharged directly into engine tender by means of 
the McGowan or Morgan improved water cranes. 

Mr. Peddle, of the T. H. & I. Bailroad, considers natural fall or 
gravity the most economical, but has found it unreliable in case of 
drought, and considers steam pumps the most reliable. 

Mr. Fuller, of the A. & G. W. Bailroad, considers gravity the best 
method where it can be got at, and the next best thing the Pui- 
someter. 

. Mr. Sedgley, of the L. S. & M. S. Bailroad, gives the preference 
to a good, efficient steam pump. 

Drawings have been received from the following Master Me- 
chanics : 

From Mr. Bobinson, of the Gr. W. Bailroad, Canada, drawing of 
twenty-four feet Water Tank or Air-tight Vat, constructed on Burn- 
ham's patent, in which the construction and operation of tank valve 
and drop pipe is very clearly set forth. 

From Mr. Thompson, of the Eastern Bailroad, Massachusetts, Be- 
volving Stand Pipe for delivering water to tenders. 

From Mr. Peoples, of the Central Bailroad Company, of New Jer- 
sey, Tank Valve and Drop Pipe for water stations. 

From Mr. Boss, of the M. & C. Bailroad, drawings descriptive of 
Water Tank Valve and Drop Pipe, as also two designs of Tank 
Houses on the line of this road. 

From Mr. King, of the C, C. & A. Bailroad, South Carolina, 
drawing of Water Tank, Water Wheel, and Tank Valve. 

The foregoing embodies the statements and views of the different 
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Master Mechanics who hare responded to circular, and is presented 
bj your Committee as the substance of all information received on 
the sabject of water stations during the past two years. In yiew of 
the limited number of answers received, and in a majority of eases 
the meager and incomplete nature of the information communieated, 
especially as regards the cost of supplying water to tanks, sufficient 
data has not been furnished to enable us to institute a just compari- 
son as to the relative merits of the systems mentioned. 

The cost per one thousand gallons of raising water with steam 
pumps, and number of feet raised, has been given only in a few in- 
stances, which we mention as follows : 

6 2-10 cents per 1,000 gallons, raised 35 feeL 
10 cents per 1,000 gallons, raised 90 feet, 

25 cents per 1,000 gallons, raised 31 feet. 

Two Master Mechanics have given the cost of raising water by 
horse power as follows : 

22 cents per 1,000 gallons, raised 35 feet. 
14} cents per 1,000 gallons, raised 25 feet. 

One Master Mechanic gives the cost per one thousand gallons of 
water, supplied from city water-works, at twelve and three-tenths 
cents. 

Where water is supplied by gravity or windmills very little, if any, 
expense further than first cost, is mentioned. Favorable mention is 
made by several Master Mechanics of the pulsimeter, a late inven- 
tion operating with great economy and certainty, which, should it 
fulfill the claims or expectations of its inventor, promises to super- 
sede many of the methods now in use for supplying water to tanks. 

In conclusion, your Committee, not deeming the information 
received of a nature which would enable them to present a sat- 
isfactory report, respectfully refer the subject to the Convention 
for discussion, hoping that facts and figures may be elicited from 
members personally, which we have not been able to obtain hereto- 
fore. Respectfully submitted, 

JOHN L. White,! 

J. H. FLYNN, [GommUtee. 

HOWARD FRY, J 
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On motion, the report was accepted. 

The Pbesident — ^Is there any discassion on this subject ? 

Mr. Wells, Jefifersonville, Madison & Indianapolis Bailroad — As some 
reference has been made in that report to an instrument known as the pnl- 
simeter, I will state my experience with an appliance of that kind a year 
ago last summer. It was called a condensing pump, but, if I uncTerstand 
the pulsimeter, it was the same thing in principle. The principle is that 
the steam is let into a cylinder, and then it is condensed, and that raises the 
water in the cylinder until it becomes full, or nearly so, and then the steam 
is let in on top of that cylinder ; slowly the valve below closes; and the pres* 
sure of the steam on the top of the water forces the water up to the height 
desired. While this cylinder is being emptied of its water, the one immedi- 
ately along side of it is being filled from the vacuum pump by condensation 
of the steam. An acquaintance of mine applied to me for an opinion aa to 
the value of that appliance, and I gave him rather an adverse opinion of it, 
aad then he insisted that I should try an experiment with it and test it with 
the ordinary pump to ascertain what the value of it was, so far as economy 
was concerned, in the expense of raising water in that way. I had a small 
vertical engine and boiler at a station where we had some time previous used 
it for pumping water with one of those old-fashioned double-cylinder pumps. 
Each cylinder was a single-acting pump. It had been out of use for some 
time from the fact that we were then receiving our water supply from the 
city water works. He brought his pulsimeter, as I will call it, attached it to 
that boiler, put the pipe down in the same well from which this pump ordi- 
narily took its supply, and ran his pipe up into the top of the tub, delivering 
the water into the same place as the other pump had done. The boiler was 
fired up, and we took a barrel of water, filled full, attached a small hose to 
the bottom of the barrel, and from it supplied the pump which supplied this 
boiler. He ran his pulsimeter, and used steam from that boiler until this 
barrel was consumed by the boiler. Then the depth of water put into the 
tub was carefully noted. He made three different tests with his machine, 
each time using a barrel of water. Then the engine was attached to this old- 
fashioned pump by a belt, and another barrel of water was used. The en- 
gine drove the old pump until that barrel of water was used up, and that 
barrel of water by the use of the old-fashioned pump put in precisely 
double the quantity of water into the tub that was put in by the pulsimeter. 
The quantity that he put in was arrived at from an average of three different 
tests, and the three tests averaged precisely one-half the quantity that was 
put in by the old-fashioned pump. It required a great deal of care in reg- 
ulating his condensing pump to prevent condensation of the steam. If the 
steam was allowed to flow in rapidly at the top, a large proportion of it was 
condensed*, and it was, therefore, necessary to allow it to go in slowly and 
carefully, so as not to force the steam down into the water, but to retain a 
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layer of air between the water and the steam. If this care was preserved it 
ooald, on an average, pat in one-half as much as an ordinary pump. If any 
member of the Association has had any experience with this pulsimeter, or 
with an instrument of that kind, or have had them tested in any way, I 
#oald like to know whether their experience corresponds with mine. 

Mr.. White, £ vans ville & Crawfordsville Railroad — I do not know, from 
any actual experience, any thing about the pulsimeter, but I would like to 
ask Mr. Wells which of the two took the most steam ; or, how much more 
iteam was applied to the pump than to the pulsimeter? My opinion has 
been, from what information I could gain, that the pulsimeter would do 
more work with the same quantity of steam. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Bailroad — I would 
state that this barrel of water that was evaporated through the pulsimeter, 
indicated precisely how much steam was used. When a barrel of water was 
evaporated and went through that condensing pump, it put only one-half the 
quantity of water into the tub that it did in working the barrel of water 
through the steam cylinder which drove the pump with a belt. There was 
a barrel of water used in each case ; three different tests were made with the 
condensing pump, and but one test made with the other. The result was 
that the condensing pump put in only fifty per cent, of the amount of water 
that could be put in by the use of the other pump. 

On motion of Mr. Chapman the discussion of this subject was closed. 

The Pbesidemt— The next business is the report of your Committee on 
Mechanical Laboratory. The Committee consists of Messrs. Bobinson, 
Wells, Boone, Chapman, and myself. The report is in the hands of the Sec- 
retary. 

Mr. Flynn, Western & Atlantic Bailroad— As the reading of that report 
would occupy considerable time, and it is now quite late^ and there seems no 
necessity for our continuing longer in session to-day, I would move that we 
adjourn until to-morrow at nine o'clock. 

CSarried. 

The Pbesident— Before adjourning let me say that I hope every member 
will be here promptly at nine in the morning, so that we can commence busi- 
ness early. We still have several reports to read, and on some of them there 
will probably be discussion. 

The Convention then acyoomed antil Thursday morning at nine o'clock. 
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THIRD DAY'S PROCEEDINGS. 

The Convention assembled pursuant to adjournment, Thursday, May 13th, 
at nine o'clock A.M. 

The Pbesidekt — ^The first business in order is the report of the Commit- 
tee on Lubricants for Locomotives. The Committee consists of Messrs. Miles, 
Garrett, and Garfield. The report is in the hands df the Secretary. 

t 
Beport of Committee on Lubricants for Looomotives. 

To the American Bailway Master Meehanu^ AssoeiaHon : 

Gentlemen — Your Committee upon "Lubricants for Locomo- 
tiyes*' has exerted itself during the past year to obtain some useful 
information regarding the subject it was appointed to investigate. 

A carefully considered circular was distributed with the expecta- 
tion of collecting actual data from the records of the different roads, 
which data, when arranged in convenient tabular form, would fur- 
nish a ready and interesting comparison of the merits of various 
lubricants, as well as of roads using them. 

The economical result of any lubricant in practice depends on 
many other things besides its own intrinsic merit. The weight of 
engines, the character of the water, fuel, ballast, dust, state of the 
track, grades, the condition in which the machinery is kept, and 
above all the care exercised by the men in charge — all these things 
affect this result very seriously. 

Your Committee, therefore, bearing these things in mind, at- 
tempted, in framing the questions of their circular, to take cogni- 
zance of all these varying conditions, hoping that by this means the 
table might show the data for the lubricant along with the conditions 
which influence its economical result, and thus prove to be of some 
real service. It was thought that such a table, made up from actual 
experience, would add its quoto of value to the report of the Asso- 
ciation. 

The subject, however, is a slippery one, and the Master Mechanics 
have shown themselves equally slippery. Only twenty have re- 
sponded to the circular. Pains have been taken to write to the 
delinquents, but in most cases without avail, while, partly from want 
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of more definite qaeBtioos, the replies received do not in many cases 
give all the required conditions. 

Your Committee can, therefore, lay before you the results of the 
experience of twenty roads during the past year, condensed in tabu- 
lar form as proposed, from which some deductions can be drawn and 
comparisons made, which will doubtless prove interesting and per- 
haps instructive. 

We find that fifteen Master Mechanics out of the twenty use 
tallow exclusively as a lubricant for valves and cylinders. Several, 
who are fortunate enough to get pure rendered tallow, report an 
exceedingly high duty. 

The Illinois Central gives one hundred and five miles run per 
quart, the Yandalia one hundred and nine, and the Texas Pacific 
one hundred and seventeen miles run per quart (average), for valves 
and cylinders with tallow lubricant. The manufactured tallow, 
however, is apt to be bleached with chemicals and adulterated, or 
fermented and acid, forming stearic acid, which corrodes and eats 
away the iron and gums up the working parts. 

Mr. King, of the Charlotte, Columbia & Augusta Koad, suggests 
that some iron may resist this more than others, and mentions one 
engine on his road using the same tallow, same water, and all other 
conditions equal, yet which never corrodes or gums up. 

Mr. Robinson, of the Great Western of Canada, reports that, 
although he gets a higher duty from lard oil and from cylinder oil, 
the commercial advantage rests, nevertheless, with tallow, as it is 
with them cheaper than any of the others. 

The general verdict is in favor of pure tallow, if it can be had ; 
but, if not, then good lard oil. 

Twelve Master Mechanics out of the twenty report as feeding by 
cab tube in preference to automatic cups. Five prefer the Dreyfus 
cup, which acts by displacement on the principle introduced by Mr. 
Bamsbottom. 

The highest duties are given by the cab tube, and they occur, as 
might be expected, on the level roads where no long distances are 
run without steam. Mr. Reuben Wells, of the Jefferson ville, Mad- 
ison & Indianapolis Railroad, states that the automatic cups use the 
most lubricant, but that they enable the valves to be run longer 



158 

without refacing, and also that too much economy in lubrication is 
not the best for the machinery. 

The cups, however, which act by displacement do not work well 
where long distances are run without steam, as they are then de- 
prived of the very steam which works them by means of its con- 
densation. 

General preference inclines to the cab tube. The lowest duty 
given for a/lmder and valves is fifty-six miles run per quart on the 
Delaware, Lackawanna & Western Eailroad. 

For guides and journals petroleum seems to be generally adopted, 
either alone or mixed with lard oil, fish oil, or tallow oil. While it 
is admitted that good sperm oil or lard oil would probably be a more 
perfect lubricant for guides and journals, yet in practice, owing to 
the greater cheapness of petroleum and the convenience and facility 
with which the others can be tempered by admixture with it, the 
commercial or economical advantage rests with petroleum or nat- 
ural oil and its various mixtures. The West Virginia natural oil 
is the one most frequently referred to as excelling in lubricating 
qualities. 

Self-feeding cups are the rule and give the highest duty. Many 
are very decided in their preference for the Dreyfus rotary spindle 
cups. 

A comparison between the Central of New Jersey, gauge four feet 
eight and a half inches, using throughout a manufactured oil (some 
mixture, doubtless, of petroleum), and the Delaware, Lackawanna & 
Western, six feet gauge, using tallow for cylinders and valves and 
petroleum alone for guides and journals, shows in each case twenty- 
seven miles run per quart, counting total lubrication. These two 
roads intersect the same or similar regions, have similar grades and 
all other conditions except the difference of gauge. 

A comparison of results of total lubrication, as seen in the 
annexed table, shows the lowest duty to be given by roads with long 
grades where considerable distances are run without steam; also 
where much dust prevails, and fine sand or grit from fuel or ballast. 
The dust seems to be worse than the grades as the Philadelphia, 
Wilmington & Baltimore Eailroad gives the lowest duty of all, viz., 
twenty- two miles run per quart; next lowest, Delaware, Lackawanna 
& Western and Central of New Jersey twenty-seven. 
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The highest duties are given by the level roads, as the Yandalia, 
Texas Pacific, and Jeffersonville, Madisoo & Indianapolis Eailroads* 
Mr. Reuben Wells, of the Jeffersonville, Madison & Indianapolis 
Railroad, has given us some data since the table was made up which 
shows an extraordinary duty, as follows : 

Average for March, 1875. — Five passenger engines, one hundred 
and twenty-four miles run per quart of tallow for cylinders and 
valves; seventy-six miles run per quart for guides- and journals, 
West Virginia natural oil, which gives fifty miles run per quart for 
total lubrication, the highest average your Committee has received. 

Also eight freight engines, March, 1875. — Eighty-seven miles run 
per quart of tallow for cylinders and valves ; sixty-two miles run 
per quart for guides and journals, West Virginia natural oil, which 
gives thirty-seven and one-fourth miles run per quart for total lubri- 
cation. 

In comparing results per annexed table some error may creep in 
from the different ways of computing mileage of trains, some roads 
allowing a percentage on freight trains for switching, and others 
merely allowing the length of road exact. 

In one or two cases your Committee is not quite certain that the 
oil for tenders has been included ; and one, the Jeffersonville, Madi- 
son & Indianapolis Railroad, states that oil for the cab lamps is 
included in the quantity given in the table. This should be kept 
separate, if possible, in the future. 

Two of the reports have included the head-light oil, which, there- 
fore, was entered in a special column, and could not be compared 
with other roads at all. 

NEW SYSTEMS AND NEW LUBRICANTS. 

Mr. Rushton, of the Atlanta & West Point Railroad, Georgia, 
reports a trial of the Brosius system on car trucks. It consists of a 
wooden saddle covered with cotton web held up by springs against 
under side of journal, in the oil cellar of journal box. The cot- 
ton web acts as a wick. The result he gives as eleven hundred 
and twenty-five miles run per quart of West Virginia natural oil 
mixed with lard oil or tallow. He has also tried for his locomotive 
driving boxes a roller in oil cellar, held up by springs against under 
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side of journals. The data for this is slightly indefinite, being 
eighty-seven miles run to two table-spoonfuls of West Virginia and 
lard oil. Eather a small dose I Your Committee give this experi- 
ment as received, but can give no opinion upon its merits. 

Mr. Graham, of the Bloomsburg Railroad, gives record of tank 
box packed with plumbago and oil November 25, 1874, which, at 
date of his report, February 27, 1875, was still running, having 
made eight thousand and ninety miles without repacking. 

J. A. Hanglin, of the Texas Pacific Eailroad, gives result of a 
compound called " Polar Grease," which in car journal boxes has 
made a duty of twenty-six hundred miles per quart. 

In conclusion your Committee would respectfully suggest that in 

future the circular of questions be framed in such a manner as to be 

in effect a blank form, which each Master Mechanic could easily fill 

out and return^ thus saving the labor of writing and rewriting the 

questions and answers. 

Very respectftiUy, 

F. B. MILES, Philadelphia, ) 

H. D. GARRETT, Fennaylvanieif [Committee. 

E. GARFIELD, Hartford, Providence & FiehkiU, J 

On motion, the report waa received. 

The President — DiscusHlon on this subject is now in order. 

Mr. Miles, of Philadelphia — As Chairman of that Committee I wonld like 
to state, for the information of the Association, that the Committee waa prom- 
ised some interesting information in regard to a system of lubricating that 
consists of a rotary disc fastened to the end of the axle, which, as it rotates, 
throws the oil on the top of the journal. It has been used on the Lehigh 
Valley Road for two or three years, and, as they claim, with wonderful re- 
sults. The member from that road, however, failed to send the information, 
and it will have to go in a report at some future time, if at all. 

Mr. Hayes, Illinois Central Railroad— I would suggest that this Commit- 
tee be continued for another year, and that there be some system arranged 
in our circulars by which all the Master Mechanics may act understand- 
in^ly. Some report the oil used in the head-lights, lamps, and torches, while 
others simply report the oil used upon the running parts of the engine. Con- 
sequently this makes a wide difference in the result of the comparisons. 
Upon our road we include, in the report, all the oil used on or about the en- 
gine for any and all purposes. For Instance, each engineer has a torch which 
gives an immense blaze; this is used in running trains at night when he wants 
to examine or oil his engine ; we have a lamp in the cab, and on our switch- 
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MMkg engines there is a light at each end of the engine; each fireman has a 
lamp, and on some roads they carry red lanterns for signals. All these items, 
Wkiad the head-light oil, are included in summing up the total amount of oil 
I38ed. In the circulars it might he stated that information was required sep- 
stratelj as to the amount of oil used for lubricating the engine, and that used 
'Ibr burning purposes, and the tallow or other oil used for cylinders and valves. 
M. think if the questions in the circular were arranged in that way we might 
%)e able to make a table which would be useful to the Association. 

Thb President — If there is no action on the suggestion of Mr. Hayes, or 
further discussion on this subject, we will proceed with the next business, 
'which is the report of the Committee on Standard Axles. The Committee 
<x>nei8t8 of Messrs. Forney, Sellers, and Nott. Mr. Forney, the Chairman, 
'will read the report. 

Beport of Committee on Standard Axles, 

2b ihe American Railway Master Meehania^ Assodaiion : 

Gentlemen — The Committee to whom this subject was referred 
Iback at your last Annual Convention for further consideration, in 
order to comply with the request then made, that the reasons which 
induced them to make the recommendation contained in their report 
sbould be given more fully, issued the following circular of inquiry: 

" At the last meeting of the American Railway Master Mechanics* 
Association, the subject of a standard for car and tender axles was 
Ineferred back to the Committee to whom it had been submitted, with 
a request that the reasons should be given for the adoption of the 
standard form and proportions which were recommended. As a 
large number of axles of that kind have been put into use since 
then, the Committee have delayed issuing their circular to this late 
date, in order to get the fullest reports possible of the experience 
in the use of that kind of axles. They therefore present the follow- 
ing inquiries, which it is to be hoped will be answered iminediately 
8o that the Committee may be able to present the latest accessible 
information relating to the important subject submitted to their con- 
sideration : 

<<1. What are the sizes of journals used under locomotive tenders 
and cars on your road ? 

*'2. Which sizes give the least trouble from heating? 

*'3. If possible, report the number of axles broken during ths 
psst year on your road and the sizes of each. If it is not possible 
11 
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to give the actual number of each kind broken, give jour opinion 
formed from observation of the relative proportion of breakages of 
each kind. 

" 4. Have you observed any difference in the relative amount of 
power required to draw cars with axles having large as compared 
with those having small sized journals ; if so, how did the amount 
of power required for the one size compare with that for the other? 

'^5. Have you noticed any difference in the wear of brasses and 
the consumption of oil on different sized journals? If so, give the 
Committee any data you may have, or the results of your observa- 
tion/' 

To this circular the Committee received twenty-six answers. The 
replies to the first inquiry, ^^ What are the sizes of journals used 
under locomotive tenders and cars on your road? '' it is not thought 
necessary to report. To the second, ^^ Which size gives the least 
trouble from heating ? *' fifteen of those who answered the circular 
do not report any difference ; nine say that the largest journals they 
use give the least trouble, one in doubt, and one says that owing to 
the construction of the boxes with the small journal, they give less 
trouble than the larger ones. In reply to this inquiry, Mr. Wells 
of the Jeffersonville, Madison & Indianapolis Railroad says : 

^^ The standard size of car axles adopted by this company in 1852, 
had three and a quarter by five and three quarter inch journals, and 
at present about thirty per cent, of the cars have under them journals 
of that size. The balance have the standard size, three and a half 
by seven inches adopted in 1865. ' Tha latter gives much less trouble 
from heating than the old and smaller size of journal. This was 
demonstrated in the case of two large baggage, mail, and express 
cars on this road having six -wheeled trucks under them, with three 
and a quarter by five and three-quarter inch journals. The oars 
when empty weighed forty-five thousand eight hundred pounds. 
When they were heavily loaded and on fast trains more or less 
trouble was experienced with hot boxes. After several years use 
the trucks were rebuilt, and axles with three and a half by seven 
inch journals put under them. Since that time (three years ago), 
such a thing as a hot box under them has scarcely been known. 
The same can be said also of freight cars hauling heavy loads, and 



163 

the difference in this particular in our experience has been quite 
marked." 

To the third inquiry, about the number and proportion of broken 
axles, the replies are, most of them, so indefinite that it has been 
impossible for the Committee to gain the information which thej 
hoped to elicit by this question. Five of the circulars received 
contain no reply to this inquiry ; five report that they have had no 
broken axles during the past year, and the balance report sixty-two 
broken axles during the year. 

To the fourth inquiry, " Haye you observed any difference in the 
relative amount of power required to draw cars with axles having 
large as compared with those having small sized journals?'' twelve 
of the circulars contain no answers, twelve have noticed no difference, 
and two report that cars with large journals require more power to 
draw them. One of the latter is of opinion, however, that it may, 
perhaps, be attributed to other causes and not to the size of the 
journal. 

Mr. Charles R. Peddle says he has not observed any difference, 
''but fVom some experiments made to test the relative friction of 
different sized journals, in a rude machine improvised for the purpose, 
I am convinced that the usually received opinions in regard to axle 
friction can not be correct. I apprehend that in starting from a 
state of rest and at very slow speed, say one to ten revolutions per 
minute, that the resistance of journals is in proportion to diameter, 
but that at higher speeds and with ample lubrication there is no 
appreciable difference, and also that the friction of journals within 
the range of dimensions used for car axles and binder ordinary loads, 
diminishes to a very small amount at high speed; and that the 
increased leverage of resistance of large journals is compensated by 
the diminished friction consequent upon the increased velocity of 
the surface. I doubt if this will hold true of badly lubricated 
surfaces, and I also think that more frequent lubrications may be 
necessary with larger journals, but am not certain about that. The 
subject is one concerning which some careful experiments are needed 
aa we are, I think, all afioat as to the proper understanding of the 
laws of friction as applied to axles.'' 

Mr. George Bichards, of the Boston & Providence Bailroad^ says: 
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^' Have noticed do difference, if any, it is in favor of the Master Car 
Builders' Standard Azie/' 

Mr. Jacob Jobann, of the Toledo, Wabash k Western Railway, 
says : '* Am not prepared to say, not having made any experiments. 
I am of the opinion that within a limit of journal size, the load and 
other circumstances being equal, the large journals will ' draw ' as 
freely and require no more power than the small ones, and they 
wear decidedly better and longer,^* 

Mr. J. W. Philbrick, of the Maine Central Raihroad, says : " We 
draw freight cars having large journals of other roads over our road. 
These are the cars that give us the most trouble on account of draw- 
ing hard and hot boxes. We think we can draw one- fourth more 
Maine Central cars than of those referred to. We say the reason is 
because of want of oiling on the part of the company that sends such 
cars, and because of the bad quality of the brasses used, and not on 
account of the size of the journals. Possibly smaller journals would 
not serve as well as the large ones under like treatment." 

Mr. William H. Ellis, of the Catawissa & Williamsport Brmnch of 
the Philadelphia k Reading Railroad, says : '* The cars with axles 
having three and three-quarters by eight inch journals, require more 
power to move them than the smaller sizes. We hare a grade 
thirty>five miles long, of thirty-six feet to the mile, and we find that 
it requires as much power to move sixteen loaded freight cars with 
three and three-quarters by eight inch journals as it does to move 
eighteen similar cars with three and a quarter by five and a halt 
inch journals." 

To the fifth inquiry, ^< Have you noticed any difference in the 
wear of brasses and the consumption of oil in different sized jour- 
nals?" eleven of the circulars named contain no answer; five say, 
have no information ; the remaining replies to this inquiry are as 
follows : 

Mr. J. M. Boon, of the Pittsburgh, Fort Wayne, & Chicago 
Railway, says: "Last year, I was inclined to favor a short journal 
(five and a half inches long). Am now satisfied that I was wrong, 
and am in favor of a journal of seven inches for all kinds of rolling 
stock, believing that better results can be obtained. I do not think 
t^ere would be any saving in oil or any more used than in a five and 
a half inch journal, but believe a seven inch journal will give better 
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results in the wear of brass bearings than the short one with the 
same amount of oil/' 

Mr. Johann says : " Prom observations in the running of large 
journals, I notiee that the large brasses endure more wear and con- 
wme Uu oil than the small ones.'* Mr. Ellis : " The wear of brasses 
is about six per eent. in favor of the three and one-fourth by eight 
inch journals.*' Mr. William Turreff, of the Cleveland, Tusca- 
rawa & Wheeling Kailwaj, says : '^ The wearing of brasses and the 
saving of oil is very large in favor of the large journals." Mr. W. 
A. Robinson, of the Great Western of Canada, says : '* Our observa- 
tions tend to show that the largest six by three and one-half inch 
journals require less oil and give better results than those of five 
and one eighth by three and three-sixteenth inches." Mr. John 
Hewitt, of the Atlantic k Pacific, says : ^^From general observations 
I am satisfied that large journals give better results in use of oil 
and wear of brasses than small ones." 

The Committee have endeavored to give, as fully and as accurately 
as the space and time at their disposal would permit, the substance 
of the replies which they have received to their inquiries. These 
have confirmed your Committee in the views which they held last 
year, and which were embodied in the recommendation made in their 
report at that time. They believe that, in the consideration of this 
subject, it is unnecessary to dwell on the importance of having some 
common standard for car and locomotive tender axles. The experi- . 
ence of every member, it is thought, has long since taught him the 
importance and value of uniformity in rolling stock, especially of 
those parts which most frequently require renewal. Before such a 
system of uniformity can be adopted for all the parts of car and 
tender trucks, a standard for the form and dimensions of axles must 
be established. After this is done it will be comparatively easy to 
adopt a standard for bearings, oil boxes, pedestals, etc. The ques- 
tion which presents itself for your consideration is, therefore, simply 
that of the dimensions which shall be adopted for such a standard 
axle ; and as nearly all the other proportions are dependent upon the 
sise of the journal, the question is narrowed down to that of the 
length and diameter of the journal. * As a kindred Association has 
already recommended a standard for the form and dimensions of 
axles, the question for your consideration, as indicated by the cur- 
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rent discussion of the subject, is really whether the dimensioQS, three 
and three-fourths by seven inches, of the standard axle journal, 
which has been recommended, is too large or not. 

That friction, within very wide limits, is independent of the area 
of the surfaces in contact, is such a well established principle that 
your Committee do not think it necessary to give it any further con- 
sideration here. It is also very w^ll known that with excessive 
pressures per square inch of area, that lubricants are pressed out 
from between the surfaces of a journal and its bearings, and then 
instead of being entirely separated by a filament of oil, as they 
should be when perfectly lubricated, they come in contact with each 
other, and instead of floating as it were on the lubricant, as they 
should if perfectly lubricated, the metal of the bearing comes in 
contact with that of the journal, and lubrication is then either yery 
imperfect or may be entirely destroyed and abrasion of the surfaces 
occurs. It has been found by experiment that the co-efBcient of 
friction with perfectly oiled journals is only about one-sixth that of 
journals very imperfectly lubricated. Of course, between perfect 
lubrication and that which is very imperfect there is every degree of 
frictional resistance. The amount of pressure per square inch of 
area of journal -bearing which will admit of perfect lubrication 
varies of course with the attending circumstances. Thus, a journal 
running at high speeds is more difficult to keep well lubricated than 
one with the same load on it running more slowly. Some kinds of 
grease and oil are retained between bearings better than others. 

The same is true of metals. Brass and various other compounds 
retain the lubricant on their surface better than most pure metals. 
Very much also depends upon the attention given to journals and 
the appliances used for feeding the oil to them. Thus the bearings 
of the main connecting rod of a locomotive have at times a pressure 
of from two thousand to three thousand pounds per square inch, 
whereas the pressure on the journals of cars rarely exceeds one- tenth 
of that. In order to keep the crank pins lubricated, it is necessary 
to^give them the most constant and intelligent attention, to use the 
best lubricants and the most approved means of applying them. The 
pressure per square inch which can safely be put on a journal must, 
therefore, be determined by the attending circumstances. In the case 
of cars, these are so complicated, that only experience can work out 
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the problem satisfacfcorily. In the consideration of this question, 
your Gommitte have not undertaken to lay down any absolute theo- 
retical rules to be universally applied, but they wish simply to rec- 
ommend a size of axle which, in their judgment, would be best suited 
for all the varying circumstances of railroad traffic. In deciding on 
such a standard, it must be remembered that we must adopt such di- 
mensions as will give good results, under all conditions, and not only 
under favorable circumstances — that is when loaded with moderate 
loads, when provided with bearings made of good material, and lubri- 
cated with good oil, and carefully and faithfully attended to, when 
attention is necessary. With the present system of interchanging 
cars, the problem seems one of providing a standard axle which will 
work well under the mat unfavorable conditions. The standard ax- 
les should be such as would be the least liable to heat or break when 
overloaded, when the bearings and oil are of poor material, and the 
attention such as the most careless, ignorant, and indolent inspector 
is liable to give them. . Now, if these are the conditions which 
must be fulfilled, a large journal is certain to do it very much better 
than a small one. By increasing the size of the journal the pressure 
per square inch with any given load it also diminished, and, conse- 
quently, with any given quality of brass or oil there is more cer- 
tainty of having good lubrication and less liability that the oil will 
be squeezed out from between the bearings. 

It is of course true that by increasing the diameter of the journal 
the leverage j)f the wheel on the journal is diminished, and there- 
fore more power is required to overcome the friction than would be 
needed if the journal were of small diameter. Now, undoubtedly, 
if it were possible to increase the surface of the journal by extend- 
ing its length without enlarging the diameter, it would be better than 
to increase the diameter. But it is impossible to do this and retain 
the requisite strength and stiffness which an axle should have for 
safety, and to wear evenly when the axle is of iron. Probably the 
substitution of steel for iron may enable the smaller journal to be 
extended in length, and yet be of sufficient strength. It is probably 
true that cars provided with axles having journals smaller than 
these recommended for the standard will require somewhat less power 
to draw them with moderate loads if they are both thoroughly well 
lubricated. What is claimed for the large journal is that it is more 
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certain to remain well lubricated in ordinary practice with the exces- 
sive weights with which cars are sure to be loaded at times, and 
when oiled with poor oil, and with the attention they receive on the 
long through lines. The advantage possessed by a large journal in 
this respect it is believed will much more than counterbalance the 
disadvantage of '' increased leverage." 

The increased resistance from the latter cause can be shown by a 
simple calculation. The resistance of a car, as nearly as it is known, 
is about 6.1 pounds per ton of two thousand pounds at a speed of 
five miles per hour. Assuming that its weight is twenty such tons, 
the total resistance will be one hundred and twenty-two pounds. 
This is made up of rolling friction of the wheels on the track and 
of the friction of the journals. Now if we take the oo-efficient of 
friction of the latter at 0.025, and deduct the weight of the wheels 
and axles, or three thousand pounds, which does not rest on the 
journals, from that of the oar, wo find that the friction of the latter 
will be equal to nine hundred and twenty-five pounds ; which divided 
by the diameter of the wheels, thirty -three inches, and multiplied 
by that of the journal, three and one-fourth inches, will give the 
resistance at the tread of the wheel due to journal friction. By 
making the same calculation for three and three-fourth-inch jour- 
nals, we find that the resistance due to the small journals is ninety- 
one, and for the large ones, one hundred and five pounds, or a differ- 
ence of fourteen pounds, or an increase of about eleven and one-half 
per cent, of the total resistance. But it must be renMinbered that 
the journal friction is uniform, or very nearly so, at all speeds, 
whereas, the resistance to rolling of the atmosphere and the fiange 
friction increase very rapidly with the speed. These have been cal- 
culated from a table of resistance recently published, and are given 
in tabular form herewith. It will be seen that at a speed of thirty 
miles per hour the resistance is increased six and one- fourth per 
cent, by the large journal, and at forty miles per hour four and one- 
half per cent. The same thing will be true of the resistance on 
grades and curves. Thus, on a grade of thirty feet per mile, ^nd 
at a speed of thirty miles per hour, the resistance of the car would 
be increased only about three per cent, by the large journal, and at 
the same speed on a grade of forty feet per mile, two and one-half 
per cent. 
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In these calculations we have assumed that the journals in each 
case were in a perfect condition of lubrication. If it is remembered 
that the friction of two surfaces which are only partly or very im- 
perfectly lubricated is oft^n from four to six times as great as it is 
when perfectly lubricated, it will be seen that a very slight differ- 
ence in the conditions of the journals and their bearings may increase 
the resistance very much more than that due to the enlargement of 
the journal. In other words, enlarging the journal increases the re- 
sistance of cars at ordinary speed of say twenty to thirty miles per 
hour from eight and one-half to six and one-fourth per cent., 
whereas with imperfect lubrication the friction of the journals may 
be increased six hundred per cent. The importance, therefore, of 
securing good lubrication is obvious. That this is more certain with 
the use of large journals is shown by the unanimous testimony of 
those who replied to the circular of your Committee, and who had 
observed the effects of wear on the bearings of large and small jour- 
nals. They are unanimous in the opinion that the bearings of the 
former' wear better than those of smaller size. 

Very great objection is, however, made to the adoption of a 
standard axle of the size recommended, owing to its great weight, 
which is about three hundred and thirty -five pounds finished. To 
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this objection it is thought that the greater safety to life and limb 
which would result from itfi use would alone be a sufficient answef^. 
The attention of those who say " that we never have any broken 
axles '' is called to the report of such breakages contained in the 
twenty-six replies to the Committee's circular. It should be stated 
that with reference to this point the recollection of some of those 
who replied to the Committee's inquiry seemed to be as unreliable 
as that of some of the witnesses in the Beecher trial. It would nev- 
ertheless be an instructive practice in single rule of three to cal- 
culate the following " sum : " 

If twenty-six Master Mechanics report sixty-two broken axles, 
how many could the two hundred and thirty Master Mechanics in 
the printed list before us report? 

A record of train accidents in 1874, which doubtless most of you 
have seen, reports twenty accidents from broken axles, and at least 
one member of your Committee knows how imperfect that report is. 
To say, then, that no accidents occur from broken axles is to 
ignore well-established facts. 

An additional reason for selecting the standard recommended by 
the Master Car Builders' Association and by your Committee is the 
fact that it has already been adopted by a number of roads, and large 
numbers of those axles are now in use. The Committee are unable 
to give a correct list of those roads which have put it in use, but are 
informed that the New York Central & Hudson Hiver, the Boston 
& Albany, the Boston & Providence, and the Delaware, Lackawanna 
& Western Railroads are using it. It will, of course, insure its gen- 
eral adoption very much earlier should it be recommended by your 
Association, whereas if the two Associations, which in this respect 
if in any should act harmoniously, should disagree, the time when 
uniformity of rolling stock can be secured will be indefinitely 
postponed. 

On motion, the report was received. 

Mr. FoBNET, Bailroad (Gazette — I wish in addition to the report to offer 
this resolution : 

Besolvedf That this Association concur with the Master Car Bailders' 
Association in recommending the adoption of the standard for car and tender 
axles, which that Association has proposed, when said axles are to be made 
of iron. 
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But before that question is pat I would like to report on some experi- 
ments made last week at Springfield, intended to throw some light upon this 
sabject, but which were not very successful ; however it is no more than 
jnst that a report should be made of what occurred. Messrs. Adams and 
Chamberlain, of the Boston & Albany Boad, fitted up a number of cars with 
large axles and a number with small axles. The cars with the small axles 
were old and the wheels were old, but the axles and bearings were new. The 
cars with large axles were new cars throughout. They took two cars when 
empty, and assuming that the one with the large axle would run the furthest 
they put one of these cars on the incline, which is east of the Springfield 
depot, the grade of which is seventy feet per mile. They let it run by 
gravity, but put a man on who was particularly instructed not to apply the 
brakes unless to prevent accident. The car ran to the middle of the bridge 
that crosses the Connecticut River. Then they let the empty car with the 
small axle loose at the same point, and it would have run into the first car 
had they not applied the brakes. They then took a car having small jour- 
nals, loaded with twenty tons, and started it from the same place; it 
ran down across the bridge and upon a curve on the other side, a distance 
of seven thousand eight hundred and ninety-seven feet. They then let the 
car with the large journal loose, and it' ran within five hundred and forty 
feet of where the first car stopped, making a difierence of about seven per 
cent, in favor of the loaded car with the small journal. The experiment was 
repeated with an empty car with small journals, and it ran eleven hundred 
and fiflLy-five feet, or fifteen per cent, further than the loaded one. They 
intended to repeat the experiments next day at Springfield, but owing to the 
fact that Barnum's Hippodrome was exhibiting there the depot was so 
crowded that they were afraid of an accident if they attempted it. The 
experiments were not satisfactory and will be repeated at some future time 
at another locaticm. The reason the experiments were not satisfactory waa 
this : the cars were all new and had run only the distance from Boston to 
Springfield. If the cars had been in service for some time the journals 
would have been considerably better lubricated than they were, and probably 
the new wheels did not run as easily as the old ones. Another reason is, 
that in the cars with the large journals the wheels were spread seventeen 
inches wider than the others, which would cause more resistance on the 
curve beyond the bridge. But under favorable treatment there is only a 
difference of seven per cent., and the difference in the distance run was lees 
for the loaded cars than with the empty ones. We intended the next day to 
load a car with about fifteen tons and try the experiment again, and my 
impression is that had we done so it would have been about an even thing. 
I report these experiments simply because I think it is just that they should 
be known to the Association. The result, however, does not lessen my faith 
in large journals. 
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The Pbesident— I thihk that this question should be fully discussed 
before we adopt the resolution recommending^ the standard axle. 

Mr. FoBNET, Railroad Gazette— As all the members are not present I 
would suggest that we make the further discussion of this resolution the 
special order for to-day at twelve o'clock. 

Carried. 

The Presidekt — ^The next business in order is the report of the Com- 
mittee on Mechanical Laboratory. The Committee consists of Messrs. Bob- 
inson, Wells, Boon, Chapman, and Britton. 

The report was then read by the Secretary. 

Report of Committee on Meohanioal Laboratory. 

To the American Bailway Maeter Meehanic$* Auoeiation : 

Gentlemen : Your Committee appointed at the last Annual Con- 
vention to continue their inquiries and deliberations on the above 
subject, beg to report that they issued a new circular of questions, 
such as was thought would best elicit the fullest opinion of the 
members, the following being a copy of the same : 

HECHANIOAL LABOBATORT. 

Dear Sib: The Committee ordered to be continued at the last 
meeting of the American Railway Master Mechanics' Association 
for further inquiry into the subject of the establishment of a Me- 
chanical Laboratory, again respectfully request such a full consider- 
ation of this subject on the part of each member of the Association, 
that no difficulty may be experienced in arriving at a definite and 
satisfactory decision during the next Convention. In order, there- 
fore, to gather in a concise form the general or prevailing opinion 
of members, the Committee invite your especial attention to the 
chief points of the subject as contained in the following questions, 
to which they solicit your answers, together with any useful remarks 
or information you may be able to give : 

1. Do you consider the establishment of a mechanical laboratory 
in any form whatever as a necessary adjunct to our Association ? 

Notwithstanding the character of your answer to the above ques< 
tion, your replies to the following questions will be valuable in 
case the establishment of such a laboratory be ultimately deter- 
mined on. 



173 

2. Should such a laboratory be established as an independent 
institution owned and controlled entirely by this Association, or 
would the object in view be better served or accomplished by the 
laboratory forming a part of some other outside institution ? 

3. If a majority of the members should prefer that the laboratory 
be established as an independent institution, in what city do you 
consider its location would render the greatest benefit to members of 
the Association generally ? 

4. Do you think the railroad company in whose service you are 
engaged would be willing to subscribe its share (a very small sum if 
divided over all roads) toward the establishment and maintenance of 
such a laboratory, providing that its regulation and management 
were placed under the control .of the presidents of the leading rail- 
roads as was fully explained in report of this Committee to the last 
Convention ? 

5. Do you know of any fairer or more equitable plan for pro- 
viding for the first expense of establishment and maintenance of 
such a laboratory than the one suggested in this Committee's last 
report, of prorating such expenditure between all the railroads 
willing to subscribe in accordance with the number of locomotives 
each road possessed during each year ? 

6. Should a majority of the members intimate a preference for 
the laboratory to be established in connection with some other out- 
side institution, would you be favorable to our forming a connection 
with the Stevens* Institute of Technology, of Hoboken, New Jersey, 
taking advantage of the arrangements suggested by Professor 
Thurston, or do you know of any other institute offering facilities 
which you think preferable to those of the Stevens' Institute ? 

7. In the event of the majority deciding to take advantage of the 
privileges offered by the Stevens' Institute, and it being understood 
that the Association in such case would have no special control over 
any contributions it may make to the laboratory of that institute 
beyond facilities under certain regulations to conduct experiments, 
would you vote for appropriating at next Convention any portion of 
the balance of the funds of the Association as a special contribution 
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to the laboratory of the Stevens* Institute of Technology? If so, 
what amount would you suggest ? 

Yours faithfully, 



W. A. ROBINSON, (?. TT. B, 22., of Canada, 
B. WELLS, Jeffenowtillef MadUon & Indianapolis^ 
J. M. BOON, PiOsburgh, Fort Wayne & Chicago, 
N. E. CHAPMAN, Cleveland & PUUburgh, 
H. M. BBITTON, Whitewater Vall^. 



Committee, 



Please address replies not later than March 1st to 

W. A. BOBINSON, MM4imeal SuperitUmdeni G. W. B. J2., 

HamiUonf OnlariOy Canada, 

In view of the very interesting discussion that took place upon 
the report presented last year in Chicago, it was fully expected that 
a large majority of the members would have favored us with replies, 
but we regret that such hopes were not realized, so that in trath so 
far as help from the members generally is concerned, the Committee 
have been very little advanced from the position occupied last year. 
So far as received, replies indicate very unmistakably that the sub- 
ject is one for which the Association is not sufficiently matured at 
the present time to receive ; for, while six-eighths of the answers are 
in favor of the establishment of a mechanical laboratory and five- 
eighths recommend it to be in connection with the Stevens* Institute, 
yet six-eighths are not favorable to voting any of the funds of the 
Association toward such object, which thus practically means taking 
no action at all. 

In accordance with the minutes of the proceedings of last Con- 
vention (see page 161 of last Annual Report) your Committee have 
communicated with the American Society of Civil Engineers, and 
from replies received, it would appear that no definite action has yet 
been taken by that Society in regard to the suggestion of the 
Stevens* Institute. 

After a careful reconsideration, your Committee deem it the wisest 
course at the present time to recommend that this subject be post- 
poned, either indefinitely, or until surer prospects exist of its being 
successfully carried out. 

W. A. BOBINSON, 

B. WELLS, 

J. M. BOON, I- Committee, 

N. E. CHAPMAN, 

H. M. BBITTON. 
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On motion, the report was accepted. 

Mr. Lauder, Northern New Hampshire Kailroad — ^Mr. President, on 
inquiry of the Assessment Committee I find that they have not made much 
progress in the matter of collecting the assessments due from the members^ 
and inasmuch as that Committee was appointed in the early part of the ses- 
sion when there were comparatively but few members present, and a large 
number of members have since come into the hall, it is probably not known 
by all that we have such a Committee to whom their assessments ^can be 
paid. I am afraid that if we delay this matter it will place more business 
in our hands at the closing hours of the session than we will want. I there- 
fore move a recess of five minutes to enable the members who have not paid 
their dues to do so now. The Assessment Committee will be found at the 
left of the hall. 

The President — ^I wish to state to those present who are entitled by our 
Constitution to membership in this Association, that they can become mem- 
bers by applying to the Secretary at this time. 
The motion was then carried and a recess taken. 

On re-assembling, on motion of Mr. Brooks, ex-Governor Bigler, who was 
present in the hall, was invited to addr^ tNi Convention. 

The President — Gentlemen, I have the pleasure of introducing to you 
ex-Governor Bigler, of Pennsylvania. 

Ex-Governor Bigler — Mr. President and gentlemen, it might reasonably 
be considered presumption" in me to appear before you, because I am not a 
mechanic in the usual sense of the term. I belong, however, to that fra- 
ternity which has usually been in the habit of saying about what they 
please in reference to mechanics and other people. I am a printer, a type. 
sticker. I have felt, however, a great interest in every organization of this 
kind during my whole life, and I regret that I have not had an opportunity 
to look into your mode of proceeding so as to be able to talk to you abou^ 
what most nearly interests you. I know, however, that your organization 
is intended to gather up the results of experience throughout the entire 
country of the the difi*erent railroads, in order to compare those results and 
accept the lessons which experience teaches. I do not know any thing more 
commendable or profitable in which you could be engaged, and I have very 
little doubt that you see the practical results attending the efforts of your 
organization, which are of benefit, not only to yourselves, but to all the great 
industries with which you are allied. I am not sufficiently familiar with 
your department of industry to talk about it, but I do know that a plan so 
perfect in theory as yours seems to be, and relating to branches so vital and 
important, can not fail to produce results of the greatest value. Gentlemen, 
it is my fortune, or perhaps it is my misfortune at this time of my life, to be 
engaged in a most laborious semi-official duty. I am one of those who have 
accepted the trust granted by the Congress of the United States with refer- 
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ence to the celebration of the Centennial Annivenary of the Declaration of 
Independence, and I am going about over the country with reference to this 
work. I look upon this organisation as a type, and as a very fitting type of 
the means to that celebration, because that means is an exhibition of arts 
and manufactures, an international exhibition, an exhibition that brings all 
the world together to compare results. In this regard we look to yon as a 
special power. You feel the utmost interest in all that affects the mechanics 
of the country. I therefore confess to a little weakness in my desire to elicit 
your interest and aid in the matter in which I am engaged. Kail roads, and 
the perfection of railroad communication in every department, is an achieve- 
ment which we are about to commemorate and celebrate. Bailroads, with 
their great locomotives and appendages, were not common in the last cen- 
tury. Our fathers did not travel in that way before the adoption of the 
Declaration of Independence. The achievements of the railroad and of the 
telegraph are among the most remarkable incidents of the century. I have 
promised to occupy only a very few minutes and I must therefore come to 
the practical working of this Centennial Exposition. We are before the 
country under the laws of Congress, and I take the liberty of saying that 
those intrusted with this celebration and with this international exhibition 
are proceeding according to la#. I am here under the duty imposed upon 
me by the laws, and those laws make my duty co-extensive with the entire 
country. The preparations for the celebration commenced long since. The 
buildings are in process of erection, and there is nothing needed to make the 
preparations equal to any thing the world has yet seen except that we need 
more money. Congress seemed to be impressed ^ith the idea, and it is a 
very beautiful idea, but it does not seem to work so well in practice, that it 
would be fitting for the people of the United States by their own volition to 
furnish eight or ten millions of dollars to commemorate the founding of this 
Government. It is a beautiful idea and I hope it will be successful, bat to 
make it successful requires this kind of labor and presumption that I am 
practicing this morning. We have to go before every body in the country, 
and, expressing our needs, implore help. I know that you, gentlemen, are a 
power in the land. As for railroads, they should be very helpful because 
they will be great beneficiaries of this celebration, for they will have during 
that year an immense special business which would not come to it but for 
these Centennial ceremonies. I know that you can create the impression 
because they are to be thus benefited they ought to be quite generous in 
helping us. The mode of raising capital prescribed by Congress was the 
creation of a corporation with the right to sell capital stock to the extent of 
ten millions of dollars, and that is what we are endeavoring to do. We want 
to sell a million and a half or two millions more* The amount of capital 
already raised is about five millions. Three millions of that sum is a con- 
tribution not represented by stock at all. The city of Philadelphia and the 
State of Pennsylvania contributed directly two and a half millions towards 
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the erection of the buiIdingFi) receiving no stock in return and expecting to 
get nothing back. This leaves the chance better for those who hold the 
stock. There is in the object itself enough to inspire the American heart. 
If we had only time to talk about the incidents preceding the War 
of Independence, the struggles, hardships, and privations of that war, we 
could bring ourselves up to an appreciation of what our fathers did for us, 
which would induce us to help make this a very complete success without 
stopping to inquire whether we are going to get any of the money back 
again. A more dignified and fitting mode could not be devised for honoring 
the memory of the men who had the courage to declare for and the endur- 
ance to establish our independence on the basis of self-government. It is an 
event that ought to be commemorated. In fact, no event of modern times is 
more worthy of notice. Not only for these reasons, but because of the les- 
sons which it will teach us, we ought to give our efibrts and money to make 
this exhibition a success. Such an enterprise will not only be harmonizing 
to our countrymen, but it will have an educating influence, because of the 
exchange of what is accomplished in one country with what is accomplished 
in another. The state of the arts, sciences, and manufactures throughout the 
entire world is to be made apparent in the midst of this young republic, and 
we are to look upon the exhibition and receive the lessons which it may 
teach us. You, gentlemen, are the best type of an international exhibition 
that I can discover in thd aflairs of the country just now, therefore resem- 
bling somewhat this international exhibition in its teachings and purposes 
I trust that from a feeling of identity you will be led to get as close to it as' 
you can, and to extend to it your strong arms of help. I will remark in 
conclusion that three or four months ago it was deemed expedient to divide 
the labors of the Centennial Board, and to place one branch of it in New ^ 
York. I am at the head of the New York Branch, and am at the Centennial 
Headquarters at the St. Nicholas Hotel, where you can get, if you choose, 
certificates of stock. The certificates are emblematic and significant of the 
progress of the country, showing the amazing change that has been accom- 
plished. We have these certiticates in single shares, not so much for the 
purpose of profit as of a memorial. We have also some lithographs of the 
buildings which are being erected, and pamphlets relating to the exhibition 
which I shall be happy to furnish to every member of this Association. With 
these remarks I will take leave of you, thanking you first for your courtesy 
and feeling that I am indeed honored by the opportunity. Mr. President 
and gentlemen, I thank you for your kind, attention. 

The President— The Committee on Subjects for the Next Year is ready 
to^report. The Secretary will read the report 

12 
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Beport of Committee on Subjects. 

To the American Railway Master Meehania^ Association : 

Gentlemen: Your Committee appoiDted to select subjects for 
investigation during the coming year, beg leave to present the 
following subjects as being, in their opinion^ worthy of careful and 
thorough investigation : 

1 . Locomotive Tests. 

2. Best Material, Form and Proportion of Locomotive Boilers 
and Fire Boxes. 

3. Locomotive Construction. 

4. Locomotive Tire, Truck and Tender Wheels. 

5. Best and Most Economical Metal for Locomotive and Tender 
Journal Bearings. 

6. Is it Economical to Use Injectors on Locomotives, and to 
what extent? 

7. Boiler Explosions. 

Respectfully, 

B. WELLS, 1 

JAMES BOON, [ CmnmiHee. 

JOHN FLYNN,J 

On motion, the report was received and adopted. 

Mr. Brooks, Brooks Locomotive Works — Mr. President, I wish to offer 
the following resolution : 

Besoloed, That the Boston Fund, amounting now, with accrued interest, to 
$3,620, be invested in Government securities, to be selected hy the duly ap- 
pointed trustees, and not to be disturbed for the purpose of expenditure 
unless autliorized by the majority of the members present in open Conven- 
tion, and then only after due notice of a motion to expend the same has been 
given at the session immediately preceding. Tlie interest, however, derived 
from such securities may be expended by the trustees when necessary to meet 
any current expenses of the Association, provided a full account of the same 
be duly reported along with other financial statements. 

The Pbesidbnt — ^You have heard the resolution. I will state, for the 
information of members who may know nothing about it, that in 1872 a fund 
of $3,000 was presented by the citizens of Boston. The fund has been kept 
on interest until the present time, and it now amounts to $3,620. It was 
thought by many of the members that the fund should not be disturbed. 
Consequently Mr. Brooks has ofiered the resolution, which you huve heard, 
that it shall not be disturbed unless a majority of the members of the Con- 
vention vote to use it. Are you ready for the question ? 
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Mr. Forney, Railroad Gazette— I would like to amend the resolution by 
inserting the words, "After twenty-four hours notice;" otherwise I think 
there is hardly sufficient security for the fund. A few members might get 
together and move to make use of that fund, and do so without the other 
members knowing any thing about it. But by requiring twenty-four hours' 
notice of a motion to use it, all members would have an opportunity to 
become acquainted with the proposed action. 

Mr. Brooks, Brooks Locomotive Works — ^I will accept the amendment — 
''and not until after the subject has been brought up at a previous meeting." 
That will cover the ground. 

Mr. FiiYNN, Western & Atlantic Railroad — I am a strong advocate of that 
resolution, but I would like to amend it. The amendment that I would offer 
is this: "That the yearly interest be invested every year as a sinking fund, 
the same as the principal." I have the honor to belong to an Association that 
commenceil with a sinking fund of $500. I have now been a member for 
nbout ten years, and that sum has been augmented until it now amounts to 
nearly $4,000. I think th'ere is sufficient devotion to the interests of our 
Association to prompt each and every member to pay all the assessments 
that may be made to defray our expenses, even if the assessments should go 
over $10 per year. I think that no member will object to paying his share 
of all necessary expenses. The fund which we now have, if left to accumu- 
late, will become, in future years, a fund from which great good can be 
gained. Instead of being $2,000 or $3,000, it will become $20,000 or 
$30,000. This Association, though comparatively small in numbers at 
present, may then be much larger. We all know that where an Association 
has financial ability it adds to its influence and to its force. Men have a 
stronger desire to become acquainted with it, and to become members of it. 
I have found it so in my own experience in life, and I doubt not that it is 
the experience of every other member. I can see no necessity for expend- 
ing any of the income derived from this fund. I think it should be left to 
accumulate for the benefit of the society in future years. I would, therefore, 
suggest that the resolution be amended by providing that the yearly income 
shall be invested with the principal, so as to make both principal and 
interest a sinking fund. I therefore offer as an amendment to that resolu- 
tion, "That the interest accumulating shall every year be invested in the 
same manner as the principal." 

Mr. Brooks, Brooks Locomotive Works — The amendment of Mr. Flynn 
perfectly coincides with my own views in regard to this matter, but at the 
same time there are several members in the Convention, I do not know how 
many in number, who have thought hitherto that the money should be ex- 
pended for our necessary expenses, and this resolution is a sort of harmonizer 
of the two elements. If the resolution can be passed with the amendment 
suggested by Mr. Flynn I should be much better pleased. 

Mr. FLYNNy Western & Atlantic Railroad— I am glad that Mr. Brooks 
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coincides with my sentiment. I think it should be fayored by each and 
every member of the Association who knows the power that accumu- 
lated wealth gives to an association of this character. I think those 
who appreciate this fact can not have an objection to investing the Interest 
with the principal from year to year. If any of you have been connected 
with an association of the character that I have indicated, commencing 
with a small fund and running along for years, yon have had a chance to 
know the value and influence that snch- a fund gives. We all know that 
money multiplies, and the advantage of having an accumulated fund is one 
that we should be anxious to avail ourselves of. I, for one, am desirous 
of this, and sincerely hope that each and every member of the society will 
take the same view of the matter that I do. If we increase the fund in this 
way many of us will live to se«> the day when it will give power and in- 
fluence to the Association. 

The President — Gentlemen, the question is on the amendment. 

Mr. Robinson, Great Western of Canada — I know the present trustees 
of this fund, but of course I do not know who will be the trustees for the 
ensuing year. I know that the present trustees have invested the interest 
with the principal. If they are continued in office it is their intention to 
continue to invest the interest as well as the principal. The resolution was 
simply intended to make a provision in case of necessity. There is no 
intention whatever of making any use of the interest, except to reinvest it 
with the general principal. If Mr. Flynn's amendment is carried, of course 
it entirely precludes any such use of the interest as that named, although at 
the same time there is no present intention of using it. I do not think that 
the members of the Association would be willing to see the fund used for 
our current expenses, as has been suggested. 

Mr. Flynn, Western & Atlantic Bailroad — My idea is to make it obliga- 
tory upon the trustees to invest the principal. We do it in the association 
to which I referred. The time may come when our financial condition 
might need an expenditure of that interest, but in the mean time it is better 
that each individual member should bear J^is proportionate share of the 
expenses, whether they be more or less, I do not propose, in my amend- 
ment to the resolution, to give the trustees any authority to use the money, 
but my object is to take the power to use it out of the hands of the trustees. 

The amendment suggested by Mr. Flynn was agreed to, and the resolution, 
H8 amended, adopted. 

The Chairman of the Committee on the next place of meeting made the 
following report : 
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Beport on Next Place of Meeting. 

To the American Railway Master Meehaniea^ Association : 

Gentlemen : The Committee appointed to report plaoes of meet- 
ing, respectfully beg leave to name : 

St. Louis, Philadelphia, Augusta, Providence, and Cincinnati. 



B. W. HEALY, 

J. U. EASTMAN, }- CommiUee. 

E. W. BUSHNELL, 






Report received. 

The President— You have heard the report. How will you select the 
place? 

Mr. Brooks, Brooks Locoraotive Works — I would BU/i:ge8t that Cincinnati 
or St. Louis be chosen as the place of meeting two years from now instead of 
next year, as that arrangement would enable members to attend the Musical 
Festival which is to be held in Cincinnati at that time as well as the Con- 
vention. That festival is held only once in two years, and will be again held 
in 1877. I am in favor of an Eastern locality for next year. 

Mr. Sellers, of Philadelphia — It seems to me tiiat it would be better 
for the members to meet in Philadelphia or some where near there on 
account of the Centennial. There will be so much to be seen there at that 
time that the members will be anxious to visit Philadelphia; and the people 
of Philadelphia are very anxious to have the Convention there if the proper 
accommodation can be found. If the Convention does not select Pliila- 
delphia as the next place of meeting it would be better to select some place 
of easy access to it. I do not see why the Philadelphians, with their hospi- 
tality, should not be able to accommodate members «it their houses if they 
were unable to find accommodation at the hotels. 

Mr. Brooks, Brooks Locomotive Works — The only objection to Phila- 
delphia would be the probable want of accommodation there. The city at 
that time will be so fearfully crowded that we may not be able to find room. 

Mr. Forney, Bailroad Gazette — Vienna was not crowded at the last Ex- 
position. 

Mr. Setchel, Little Miami Bailroad — I move that Providence be selected 
by acclamation. 

Mr. Fry, Philadelphia & Erie Railroad — I beg leave to move as an 
amendment that Philadelphia be selected by acclamation. We shall all have 
to go to Philadelphia next year, and we may be able to find a place for our 
meeting just as well then as at any time. 

Mr. Flynn, Western & Atlantic Eailroad—I hope that Mr. Fry's amend- 
ment will not be adopted, for Philadelphia will be so crowded that it will be 
difficult for us to be comfortable there, bat I think it will be possible for us 
lo meet at Atlantic City, Pittsburgh, or Heading, and still accomplish the 
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object which Mr. Frj has in view. I have never been at Atlantic City 
myFeir, but I think thai being on the Reashore, it would be quite desirable 
as a place of meeting. 

Mr. Spraoui:, of Pittftburgh — I think that in justice to the Western mem- 
bers we should hold our next CJonvention in the West. We have not a very 
large delegation of Western members here, and if we stay East too long we 
may alienate some of them from us. I think in justice to tliem we oaght to 
meet some where in the West. 

Mr. Flynn, Western & Atlantic Railroad — ^It would be my desire that 
the Association meet South the coming year, but as strong as that desire is, 
I have a feeling of patriotism which draws me to the city of Philadelphia 
on the Centennial Anniversary. I think it would be impolitic for us to meet 
in Philadelphia on account of the crowded condition of the city at that time, 
but we might seek a place convenient to Philadelphia. My desire to have 
the Association meet in the South flows from this cause. I have a wish that 
the men reprefienting the mechanical operation of the railroads from that 
section should attend in larger nambers than they have al our previous Con- 
ventions. I trust that some member who is more competent to judge whal 
would be the best location will suggest it. The consideration determining 
the selection should be its easy access to Philadelphia daring the Centennial 
celebration. 

Mr. Spraoub, of Pittsburgh — ^If the Convention is to be held as early as 
we are holding it this year, I think that there will be plenty of room in 
Philadelphia. It will be crowded in July and August, but I think there 
will be plenty of room in May for the members of this Association. There 
will probably be accommodation for a great many more people than are 
likely to be there in the month of May, and therefore I think there will be 
no difficulty in meeting in Philadelphia in that month. 

The motion designating Philadelphia as the next place of meeting was 
then agreed to- 

Mr. Brooks, Brooks Locomotive Works — I am informed that the time of 
the opening of the Centennial has been postponed from the 19th of April to 
the 10th of May, and it is possible that another postponement may be made 
which would make the Centennial celebration a few weeks after we would 
hold our Convention. That would make us all feel very cheap; I would, 
therefore, move that there be no further postponement of the Centennial. 
(Laughter.) 

Mr. Sellers, of Philadelphia — Might it not be well in view of a 
possible postponement to have the officers of the Association notify the mem- 
bers in that case that the meeting of our Association will also be delayed. 
For my part I think there is no possibility of any further postponement of 
the Centennial. The buildings are progressing rapidly as compared with 
those in Vienna, and there seems to be no question of doubt that the build- 
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ings will be ready for occupancy at the time set. I would offer a resolutron 
that it be in the power of the Committee to change the time of meeting if 
such a thing be in accordance with the by-laws. 

The President — ^The Constitution provides that the regular meetings of 
^he Association shall be held annually on the second Tuesdays in May. 

Mr. Sellers, of Philadelphia — I think that the Convention in Boston 
was not held on the second Tuesday, but that it was postponed on account of 
the Musical Festival, and the same thing can be done now. 

Mr. Setchel, Little Miami Railroad — ^That meeting was changed by vote 
of the Association. The question was laid before each member of the Asso- 
ciation and a vote taken on it, and when the vote came in a decision was 
made in accordance therewith. 

Mr. Sellers, of Philadelphia — ^Then that can be done in the present case. 
It seems to me that it would be a very unwise thing to have the members 
meet in Philadelphia at a time when they could not see the Centennial 
Exhibition. 

The President — There would be no harm in changing the time of meet- 
ing to the second Tuesday in June. The Constitution may be amended at 
any regular meeting by two-thirds of the members present. 

Mr. Sellers, of Philadelphia — ^I would not advise it to be held in June 
without any possibility of changing it. * If the Centennial is open in May it 
would be pleasanter to meet in May than in June. 

The President — As all the members will want to attend the Centennial 
it would be well to offer a resolution that in case of the postponement of the 
Centennial celebration, the officers be instructed to notify each member of 
the postponement of the time of meeting not exceeding one month. 

Mr. Sellers, of Philadelphia — Then I would offer that as a resolution as 
the Chair has stated it. 

The President — Mr. Sellers offers the resolution, that, in case the Cen- 
tennial celebration is postponed, the officers of this Association shall notify 
each member thereof of a postponement of the time of meeting of the Con- 
vention not exceeding one month from the second Tuesday in May. 
The resolution was adopted. 

The President — ^The next business before the Association will be the 
report of the Committee which was appointed yesterday on Axle Tests. 
That Committee consisted of ten members. Is the Committee ready to 
report? 

Mr. Hayes, Illinois Central Bailroad — ^The Committee appointed yester- 
day to witness the tests of axles are ready to report, and the report is in the 
hands of Mr. Sellers. 
The President— Mr. Sellers will please read the report. 
Mr. Sellers, of Philadelphia — That is a very judicious request inasmuch 
as I acted as secretary, and I do not think that any body else can read it. 
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Mr. Sellers then read the following report : 

Beport of Committee on Axle Tests. 

To the American Railway Master Meehanies^ Association: 

Gentlemen : Your Committee, to whom was referred the Tests 
of Steel and Iron Axles, beg leave to report that they visited the 
shipyards of Mr. John Roach, on the afternoon of Wednesday, 
May 12th, and found that preparations had been made to test the 
axles by a drop, which may be described as consisting of a heavy 
cast-iron bed plate, upon which was erected two cast-iron standards, 
thus: 




Axl. 8' H" ^ 



i« Axle » y* ■»! 



10*1' 

Bed Plate 



The weight of the drop hammer was given at seventeen hundred 
pounds, and it was arranged to slide freely in wooden ways, so ar- 
ranged as to permit of about thirty-four feet elevation of the lower 
face of the drop above the axle to be tested. The ways were laid 
out in feet to facilitate the adjusting of the height of fall. The 
drop was raised by a portable steam engine placed near by and pro- 
vided with a lot-go lock after the manner of iron breaking drops. 
The axles submitted for test were as follows : 

IRON AXLES. 

Two members of the Association desiring to test the relative mer- 
its of iron and steel, selected iron axles from two different makers, 
both said to be of good quality, and which are designated by your 
Committee as Nos. 1 and 2 respectively. We mention this to show 
that the Midvale Steel Works did not place iron axles in competi- 
tion with their own. 

STEEL AXLES, 

Prom the Midvale Steel Works at Philadelphia. The first test was 



185 

of a bar of round steel four and oae-sixteenth inches diameter over 
its whole length, and five feet three inches long. This and all the 
axles tested were marked with chalk in center, and at points two 
feet on each side of the center mark, thus : 



c: 




a a four feet apart : b, mark in the axle. 

The marks a were to indicate the line from which the deflection 
sHould be measured. Thus, in all cases^ giving the deflection in a 
l>£ir four feet long. 

The result of the test of this bar was as follows : 

First blow, 25 feet drop, 6} inchea deflection. 
Reversing the bend for the succeeding blow : 

Second blow, 25 feet drop, straightened the bend from first blow, and bent 
iti within t\ ^^ *^ i"<^h straight ; a cnrvature of | of an inch laterally. 
Third blow, 25 feet drop, deflected the bar 5f inches. 
Fourth " 25 " " " " If " 

Fifth " 25 ** " " " 4f " 

Sixth " 34 " " " " 3f *» 

Seventh " 34 " « " " 4i " 

The bar at the end of this experiment showed no sign of breaking, 
<^ nd was laid aside. 

The second test was of a round bar of iron of Brand No. 1, meas- 
uring four and three-sixteenth inches diameter throughout its length : 

First blow, 25 feet, bent it 7 inches. 

Second " 25 " " } inch, i. e. within half an inch of being 

straight. 

Third blow, 25 feet, bent it 7 inches. 

Fourth " 25 ** " i of an inch, with a crack showing on under 

Side of bar. 

Fifth blow, 25 feet, fractured the bar. 

The iron seemed to be of a very good quality. 
The third test was with an iron axle, Brand No. 2, said to have 
been of good quality, and but one axle of the same make had broken 
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in fifteen years' experience. The axle measured three and thirteen- 
sixteenth inches in middle and at ends four and five-eight inches : 

Firfit drop of 25 feet bent it 9} inclies, and cracked it. 
Second ** 25 " separated the parts. 

The iron seemed sound and of good quality. 

The fourth test was of an axle by same makers, which had been 
in use, bearing date of manufacture, September, 1873. This was 
four inches in center and four and five-eight inches at ends: 

First blow, 25 feet drop, bent 8} inches, cracking it so badly as to render ' 
a second fall useless. 

The fifth test was applied to a steel axle made by the Midvale 
Steel Works, four inches in middle and four and fifteen-sixteenth 
inches at ends: 

First drop, 25 feet, bent it 6} inches. 
Second" 25 " straightened it. 
Third " 25 " bent it 6 J inches. 

At this point of the proceeding your Committee consented to the 
length of fall being increased to facilitate the fracture, so that all 
succeeding blows were given at a fall of thirty-four feet : 

Fourth blow, 34 feet drop, deflected it 2J inches. 



Fifth 


34 " « 61 


Sixth " 


34 " " 3| 


Seventh « 


without reversing, " 9f 


Eighth « 


reversed, •' 1^ 


Ninth « 


not reversed, " 5| 


Tenth " 


" 12i 


Eleventh " 


reversed, fractured the axle. 



The section at fracture measuring across the face three and eleven - 
sixteenths by three and fifteen -sixteenth inches. 

The sixth test was with a new iron axle of brand No. 1, measur- 
ing four and one-sixteenth inches in center and five inches at ends. 
This was tried with a fall of thirty-four feet : 

First blow, 34 feet drop, bent it lOJ inches. 
Second " 34 " broke the axle. 

Iron seemed very good. 

Your Committee were shown specimens of steel, said to be the 
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same as is used io the axles tested. These specimens were in the 
hands of Professor R. H. Thurston, of the Stevens' Institute of 
Technology, and had been tested by him with the following results : 
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Nos. 391, 392, 393 were tested in the autographic testing machine, 
and 394, 395, 396 by tension. 

These specimens of axle steel, forwarded to the Mechanical Labo- 
ratory by the Superintendent of Midyale Steel Works, are remarka- 
ble for their homogeneousness and their extraordinary ductility. 
Their strain diagrams exhibit a regularity that is very unusual, and 
a ductility which I have never seen equaled in any thing except the 
softest and most ductile of wrought iron. 

[Signed.] R. H. THURSTON. 

Your Committee beg leave to call attention to the fact that a 
twenty-five feet fall on the steel which had four and one-sixteenth 
inches diameter bent it six and three -fourths inches, while subse- 
quent blows bent it less, while with the iron bar which stood the 
test, and which measured one-eighth inch more in diameter, the first 
blow of twenty-five feet bent it seven inches, showing the steel axle 
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to be somewhat stiffor than the best iron axle tested, and yet pre- 
serving very much greater power of endurance. 
Respectfully, 

S. J. HAYES, GEO. EICHARDS, 

M. N. FORNEY, ROBT. WALLACE, 

COLEMAN SELLERS, , J. W. PHILBRICK, 

GORDON H. NOTT, ' DAVID CLARK, 
HOWARD FRY, H. GARFIELD. 

The report was accepted. 

The President — The time for discussing the resolution offered by Mr. 
Forney was fixed at 12 o'clock to-day, and is now in order. 

The resolution is: 

Besolvedy That this Association concur with the Master Car Builders' 
Association recommending the adpotion of the standard for car and tender 
axles which that Association has proposed, when said axles are to be made 
of iron. 

I will state to those members who were not present this morning that the 
discussion of this resolution was deferred until later in the day, so that all 
might have an opportunity of voting upon it. The object is to ascertain 
whether this Association will adopt the standard axle proposed by the Master 
Car Builders* Association. Are you ready for the question? 

Mr. Casscaddin, Chicago, Rock Island, & Pacific Railroad — ^I do not 
remember what the standard was. 

Mr. Forney, Railroad Gazette — The journal is three and three-fourth 
inches by seven. 

The Pbesident— What is the length over all? 

Mr. Forney, Railroad Gazette — ^I have not a memorandum with me which 
enables me to give the length, but the journal is three and three-fourth 
inches by seven. The dimensions are given in last year's report: Total 
length over all, six feet eleven and one-fourth inches; journal, three and 
three-fourths inches in diameter by seven inches long ; wheel-seat, four and 
seven-eight inches in diameter by eight inches long; diameter in center, 
four inches; collar, four and three-fourth inches in diameter by five-eighths 
of an inch thick. 

Mr. Sellers, of Philadelphia — As a member of that Committee I would 
like to say a few words about the advisability of adopting this resolution. 
I perfectly agreed with the proposition to submit such a resolution in order 
that it might be voted upon, but at the same time I think that if the gentle- 
ni^n voted it down it would not entirely end the matter. There are a great 
many things to be considered in determining what shall be the standard axle. 
For my own part I think that the size of the journal as recommended should 
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be adopted, bat yet I am yery unwilling to say that I would recommend the 
axle in all respects as designated. It is well to proceed slowly in making 
such radical changes. There may be further light thrown upon what is the 
proper form of axle, and also as to the distance that the journals should be 
from the wheels; and I very much prefer, if we adopt a resolution express- 
ing our view, that it should be in regard to the extent of the jtmrnal rather 
than the whole axle. There is now a fair chance of steel being produced in 
the market cheaper than heretofore, and if steel axles come into use it is 
possible that the original size of the journal, when iron was used, might be 
maintained, and an increased strength be the result in consequence of using 
a stronger metal. I do not say that that is so, but it seems that it would be 
wise to have the question kept open a little longer, and I should be rather 
loath to have the Association adopt any thing that we are not sure can be 
carried out. 

Mr. Forney drew upon the board a sketch of the proposed standard axle. 

Mr. Peddle, Terre Haute & Indianapolis Bailroad — Is there not a mistake 
made in regard to the weight of that axle, as stated in the report? The 
Committee slated it to be three hundred and thirty-five pounds, but I think 
that can not be correct. 

Mr. Forney, Bailroad Gazette — That weight was given to me by Mr, 
Hoit, of the Illinois Central Eoad. They have modified the form of the 
axle between the wheels very much by bringing it down a little smaller. 
They have reduced the weight slightly from the figures by the Car Builders' 
Association. 

Mr. Hayes, Illinois Central Bailroad — I am pretty well sotisfied that Mr. 
Forney is mistaken with regard to the weight of the axle. The axle used by 
the Illinois Central Boad is three and three-fourth inches in diameter by six 
inches long, and wheel-seat four and one-half inches in diameter, and 
diameter in center four inches. That axle averages three hundred and forty- 
three pounds in the rough. A vote in favor of adopting this axle would 
seem to make it almost obligatory upon the roads which we represent to 
adopt the size of axle that we might agree upon, and I should not be willing, 
upon my own account, to vote for such adoption, because we now have axles 
that we know are safe and good. We have some five thousand cars, all of 
which, together with our tenders, use the axle I have described. While I 
might agree with the Committee upon a standard axle, I can not under- 
standingly vote that our road should go to work and throw away all the 
axles now in use and adopt the standard. We all know that the adoption of 
a different standard would be very expensive to a road, and that companies 
would not be willing to incur an expense of that kind. I know that our com- 
pany would not be willing to make the change, because we now have an axle 
that very seldom, if ever, breaks. To my recollection we have broken only 
two or three in eighteen or nineteen years under passenger cars. We have 
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broken bat very few under freight cars. Onr asnal time of service is two and 
a half years nnder passenjB^er care, and then they are turned over to the freight 
care. The term of service under tenders is the same. I would like to under- 
stand that if we vote for the standard axle recommended by this Committee, 
such vote does not bind us to adopt that axle. 

Mr. Sedoley, Lake Shore & Michigan Southern Bailroad — I am very glad 
to hear the remarks of the gentleman from the Illinois Central Boad, and I for 
another can not see my way clear to vote for the adoption of the standard 
axle. Wbere the axle has been put in use on our road, under heavy cars, 
it has not given as good satisfaction as a small journal. There are many 
reasons why I could not vote for the axle proposed ; it increases the heft. 
We must change our pattern for wheels, or must put more iron around the 
hub if we adopt this axle. I do not think that the axle is as good as our 
present style — I think the one we are now using is the best that can be 
adopted. If my memory serves me right, out of an equipment of ten thou- 
sand cars, many of which have been in use for along while, our depreciation 
of axles does not exceed three per cent, under a heavy service. If that is 
the case I see no good reason why we should increase the size of our axle 
twenty-five per cent., and increase the wheel perhaps in a like proportion. 
I would like to hear from some member of the Association who has had ex- 
perience with that axle — I would like to have him give some reason if he 
can for our adopting it. Because the Car Masters have made a mistake in 
proposing that axle I see no reason why we should adopt it. 

Mr. Flynn, Western & Atlantic Railroad — It strikes me very forcibly 
that there should be two sizes of axles recommended by the Committee. It 
is a well known fact that with few exceptions the standard gauge in the 
8outh is five feet — it is true we could increase the length of the axle in pro- 
portion to suit that. I can not say, with all due respect to the Committee 
hat I look upon the adoption of the proposed axle with favor. Practice 
has taught me that an axle of a little different dimensions suits very well. 
The standard axle on our road, as far as the journals and dimensions go, is 
a journal six inches long, three and one-half inches in diameter, wheel-seat four 
and three-eight inches, and we use a four and one-half inch axle. That 
axle has answered every purpose remarkably well. Shortly after the war I 
dictated a length suitable for the road. Previous to that time the diameter 
of the journal was the same as the diameter of the present axle. I find that 
the axle and journal now used works remarkably well. The journal is three 
and one-half inches in diameter by six inches long. Mr. Hayes remarks 
that two and one-half inches was the diameter of the axle used under the 
tendere on his road. Our road, as is known to many of the members, is a 
succession of curves from one end to the other. There is very little straight 
line upon it-^we all know that such short and frequent curves are a severe 
test to an axle. Perhaps it would be as well as adopting the report of this 
Committee simply to recommend that the Master Mechanics use, where they 
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can, the shape of axle given. In our tenders we have adopted a nniform 
length of axle, and I feel very little disposition to change. In fact I do not 
know that I would change, even if the Association passed a resolution 
making it obligatory upon the members to adopt that size of axle. I can not 
see the advantage of a seven inch bearing over a six inch, although it is true 
that where we distribute the friction over a greater surface the wear is not so 
great. I think that we might receive the report of the Committee, and 
recommend it to such members as have an opportunity to adopt that length 
of axle. 

The President— I would state that the Committee's report has been 
received, and the Committee recommended the adoption of the resolution 
which has been read. It is a recommendation only. 

Mr. Wilder, Erie Railroad — I would like to know why that particular 
size of wheel-seat was adopted. Was it because of the increased size of the 
journal, and with a view to keep the proportion the same as in the old 
journal, or was it to get a stronger axle? If the object to be obtained by this 
new axle is simply to increase the size of the journal in favor of lubrication, 
why can it not be done with the old size? This new wheel-seat is four and 
seven-eight inches; the old size is four and three-eight inches. Thus 
there is a recommendation of a wheel-seat half an inch larger. The axle 
could be brought up to the size now recommended, but I do not see the 
necessity for increasing the size of the wheel-seat. 

Mr. Wells, Jefferson ville, Madison & Indianapolis Bail road — I think 
if we are not satisfied with the axle that has been adopted by the Master 
Car Builders' Association, and are not satisfied that it is the best size that 
can be adopted, we ought not recommend it, for we ought not as an Associa- 
tion give it as our opinion that that is the size that should be used, unless we 
believe it is under all circumstances the best size. It seem to me if we can 
carry loads safely upon axles that are four and three-eight inches 
diameter at the wheel-seat, that there is no necessity for increasing the axle 
and incurring the expense of carrying the additional dead weight that there 
is in an axle of the size recommended by the Committee. They have 
presented no evidence conclusive to my mind that the size which they have 
adopted is any better than other sizes adopted by the various roads running 
in the country. This matter of changing the size of axles is a matter which 
is not in the power of the Master Mechanics to accomplish. Our company 
owns a large number of cars; they have adopted a standard size, and the 
roads with which they are connected use the same size, and it would be 
almost out of the question for them to adopt a different standard. As to 
committing the members of the Association to the adoption of that size, I 
am opposed, under existing circumstances, to doing. 

Mr. Robinson, Great Western of Canada— I would like to ask Mr. Forney 
whether the size or dimensions of this axle was the result of any tests, or 
whether it happened to be the size of some axle in use upon some road: Is 
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the size of the standard axle based upon any theory? I ask this because I 
notice that there are odd quarter inches in it— six feet eleven and one-fourth 
inches. That is not a Master Mechanic's ideal of dimensions. 

Mr. Forney, Kailroad Gasette — As far as I know tliere were no theoreti- 
cal considerations that brought about the adoption of that size. It was more 
of a compromise between conflicting ideas. At the time it was adopted tliere 
were a certain number of people who were in favor of a four by seven-inch 
•journal. Others preferred three and one-half by seven inches, and they 
finally agreed on three and three-fourths by seven. I think the total length 
of the axle is due to the distance between the collars, making the length 
between the collars over the journals six feet ten inches. 

Mr. Wood, of New York City — ^I was present at the Master Car Builders' 
meeting in which this length of an axle was adopted. For the benefit of 
the Convention I will state that there were some fifty different lengths of 
axles and sizes of journals given in their lists at the time they made their 
selection. The great difficulty was to get a uniform length of axle; the fifty 
odd samples given varying as much as five inches. After having fixed the 
length of the journal or rather the length of the axle between the outside 
collars at six feet ten inches, the size of the journal was then adopted. Quite 
a number of Master Cas Builders were in favor of a four by eight-inch 
journal, and they varied from that size to three and one-fourth by seven 
inches. A compromise was finally fixed upon of three and three-fourths by 
seven-inch journal. Next in order came the size of the Wheel-seat. That 
was increased from four and three-eight inches up to as high as five inches, 
the latter size being recommended by a few. It was entirely owing to the 
percentage of failures, of axles breaking out inside of the collar in almost 
every case reported, so that the size of the wheel-seat for that reason was 
increased. The weight of the finished axle adopted by the Car Builders' 
Association was three hundred and forty-five pounds on the average. There 
were some modifications on the Harlem road and on the New York Central 
road, reducing the weight a few pounds; but about three hundred and forty- 
five pounds may be considered as light as an axle of that kind may be 
finished. 

Mr. Casscaddin, Chicago, Rock Island & Pacific Railroad— In my 
repairs or in building and pujLting in axles, the first idea is to consider how 
I can make an axle that will do the work with less liability to break. Like 
Mr. Sedgely and others I am opposed to that kind of a car axle, and I think 
we ought not to adopt it. I have noticed that all my breakages have been 
inside and close to the hub of the wheel. I have not broken a journal in 
my experience, nor can I learn of one that ever was broken. I run my 
journals three inches and even less, two and seven-eight inches sometimes, 
and six inches in length, and my breakage has always occurred right close 
to the hub of the wheel. We turn the axle down generally about one-fourth 
of an inch and leave a shoulder which appears to stop the vibration, and 
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the axle breaks right there. I think that we can uee ottr common axle, four 
and a half bj three and a half inch journal and six inches long, when new. 
In fitting up axles I should leave a shoulder to shove the wheel against. I 
am satisfied that there is good result from that. The standard axle now pro- 
posed would cause a great deal of trouble if adopted. In fact I should not 
consider its adoption for a moment. I can increase my journals slightly 
without any alteration ; I can use a four and a half inch axle in the rough 
without destroying my wheels. I have only to say further that I am 
opposed to adopting that standard a^le, and I do not think that we should 
recommend it to the Ck>nvention. 

Mr. Fry, Philadelphia & Erie Eailroad — I would like to ask Mr. Wood, 
who was present at the Master Car Builders' Association, whether some state* 
ments were not made by some of the members as to the difference in the 
wearing of the brasses on di^erent sized journals. It is unfortunate that 
none of us are giving any practical experience in this matter. The percent- 
age of breakage in axles of common size has not been broached by any body, 
nor the use of brasses of different size. I am under l^e impression that the 
Master Car Builders' Association did bring forward some facts of this kind, 
and if so we would like to have the benefit of their experience. 

Mr. Wood, of New York City — There was in that Convention, as there 
seems to be in this, a scarcity of actual facts presented which would enable 
them to select the best size from the percentage of breakages and feiilures 
reported. But from the number of instances given the increase of the wheel* 
seat, or the sjde of journal close to the wheel-seat, was not upon the percent- 
age reported. I think there were only ten or fifteen instances in which any 
details were given. There were a few instances given in which the axle was 
reported as breaking upon the inside of the shoulder of the journal. When, 
however, those cases were investigated it was, I think in every instance, 
decided that they were burned off rather than broken. Some reports on the 
steel axles and the tests that had been made by the- Pacific Bailroad had 
determined that there was a tendency with the steel axle to crack inside of the 
shoulder of the bearing point. I think there was only one instance in which a 
journal had failed or broken off .while in transit. The other tests were those 
developed under the drop in testing axles, and incipient cracks were found 
encircling the journal at that point. Another foot that pressed strongly upon 
the Master Car Builders was the advantage of having a universal length quite ' 
aa much as an increase of bearing. There was a variety of ideas among 
them as to the length and size of axle. It was stated that each one made 
his axles without regarding what his neighbors were doing. There were fifty 
or sixty different lengths of axles of all sizes produced. It was stated that it 
required a large stock of axles to be on hand in order to fit up cars that were 
on the road, by reason of the failure of foreign cars when traveling on any 
common rcwd. Whether the size of the journals was to remain seven by 
three and three-quarter inches was not really decided upon nor discussed so 
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much as the standard lengths of axles agreed upon. It was desired to ohtain 
the adoption of a uniform length of axle upon all the roads, even though the 
diameter of the journal should vary, in order that axles could be put under 
foreign cars without damaging the whole system. It is apparent to the 
members of this Cionvention, as it was to the members of the Master Gar 
Builders' Association, that it does not matter so much what size of journal 
may be fixed upon, because the wear of the journal is continually going on, 
and we must have different sizes of brasses in hand to accommodate that 
wear. At the end of a few years three and three-fourths inch journals are 
reduced to three and five-eight inches, and then to three and a half, and 
finally down to three and three-eight inches, but they are still strong 
enough to do all the work that they are required to do. In recommending 
that length of axle, and the adoption of it by the Master Mechanics in connec- 
tion with the Car Builders, I would suggest that we would have a point in fa- 
vor of that axle that it would keep the length of axle the same, even though 
it should vary the size of the journal and of the wheel-seat. The derange- 
ment of the system is pot so much in the wheel-seat and journal as it is in 
the variation in the length. In regard to the extra weight required at the 
wheel-seat the axle of itself is increased materially at that point. The extra 
weight is merely a binding fillet. 

Mr. Brown, late of Erie Bail road — The question has been asked whether 
this size of journal was arrived at from experiments entered into in compari- 
son with similar journals. I am under the impression that they have 
arrived at it through a series of experiments extending back through the 
past thirty years. Some thirty years ago they used to run cars with loads 
of six, eight, or ten tons, with journals of three inches in diameter and four 
and a half inches long; and they did it successfully, but not with the present 
lubricator. They had a lubricator which, in the way it was then put upon 
the journals, would not exude but acted to keep the metals apart. As the 
quantity of lubricator used increased they had to increase the journal in 
order to get sufiicient space to use it. By adopting this journal you will 
indorse that practice on the part of those gentlemen who furnish the 
lubricator. 

Mr. Peddlb, Terre Haute & Indianapolis Bailroad — ^I was very much 
pleased with the fairness of the report, but there was one point that was not 
enough dwelt upon, and that is the resistance of large journals. Mr. Forney 
stated one case on some road in Eastern Pennsylvania, where it was said 
that an engine with a large journal pulled fifteen cars, and one with a small 
journal eighteen cars on the same grade. I think that that is a matter we 
should look into in considering this question. I am satisfied that with a 
large journal it is much more difiicult to start a train. I think the friction in 
starting, the taking of a revolving body from a state of rest, is much greater 
than it is when the body attains a velocity. I think that our engines are 
governed in their hauling capacity by their ability to start a train. If 
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We can move a large train with a smaller joarnal that fact should be con- 
sidered. 

Mr. Forney, Bailroad Gazette — ^I would like to say it is true that one 
member, in replying to the circular, stated that he could pull more cars on a 
small journal than with a large one, but there were fifteen or sixteen who 
stated that they had never observed any difference. I have had a great deal 
of favorable testimony from experienced persons who say that in ordinary 
practice the large journals draw easier than the small ones. The Committee 
thought it only just and fair to give the exact testimony received in reply to 
their questions, whether it was favorable or unfavorable to their convictions, 
and they did so as far as they could. I hope that Mr. Bichards, who has 
had some experience in the use of the standard axle, will give us the result 
of his observations. At the time this subject was under consideration before 
the Master Oar Builders' Association, Mr. Garey, who has adopted the 
standard axle reported an experiment in which he took a car fitted with an 
axle having three different sizes of journals. He put brasses on the journals 
and put the car into service. He weighed each brass very carefully before 
putting it on. After running a certain distance he took them out and 
weighed them again. He found that the small brasses lost the most in 
weight, the middle size a little less, and the largest brasses lost the least in 
that service, showing that the friction of those journals was least with the 
largest bearing. If a large journal can be used with an inferior quality of 
oil it is an argument in favor of the large journal. If you can use cheaper 
oil with large journals than you can with small ones, I think that it is in 
favor of the large journals. 

Mr. KiCHARDS, Boston & Providence Bailroad — We commenced using the 
standard axle eighteen months ago, at first on one car. It was on a line that 
caused a great deal of trouble because of sand and dust and hot boxes. The 
first car that we used we oiled every trip. We put it on double time and 
run it for three months. At last one of the boxes warmed, and we could not 
at the time find any cause for it. We oiled it and put it on double time 
again, running to New York and back twice; and some time afterward we 
had one of the axles out for a bad wheel, and found that a piece as large as 
the finger had gone out of the journal nearly its whole length. We com- 
menced altering the whole line, and have used up the first hundred axles and 
have commenced on the second hundred. We are using a cheaper oil, and 
have far less trouble with our boxes. The axles are are no heavier than some 
of the axles that were standard on some of the Eastern roads — some roads 
are now using a heavier axle. I think that the wear of the boxes is no more, 
but rather less. We have altered all of one line of cars excepting two, and 
we have altered several cars for Mr. Wagner at his ifequest. We have two 
tenders also running with the standard axle. I, for one, would not be 
tempted to go back to the old size. 

Mr. Garfield, Hartford, Providence & Fishkill Bailroad— I would like 
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to ask Mr. Bichards if he ever tried a smaller journal on doable time with a 
cheaper quality of oil, to Bee what the reRuIt would be. 

Mr. BiCHABDS, Boston & Providence Bailroad — We used what we con- 
sidered the best oil that we could buy on those cars, and it was difficult in 
summer time to get the cars through with that oil. Instead of putting them 
on double time we would frequently put them on half time ; we were obliged 
to do it. 

Mr. Fby, Philadelphia & Erie Bailroad— I hope we will not forget that, 
if the Convention adopts the axle that is under discussion, it does not by ^ny 
means bind every one to adopt it as a standard ; it simply gives the expres- 
sion of the Association as to their idea of the value of the axle, and this may 
lead to its adoption on new roads or under new stock. Whatever size of axle is 
adopted it will be inconvenient for old roads to make a change. The prin- 
cipal objection thus far urged against this standard axle is that it would cause 
so much alteration in the existing forms to adopt it. That objection would, 
however, apply to any form of axle. In regard to some other objections 
that have been urged it must be remembered that in matters of this kind we 
can not always adopt the best theoretical plan. We have sometimes to go 
for the best possible form. A great many roads have already adopted this axle, 
and that fact may, and I think should, have its weight in inducing us to vote 
for the standard which has some chance of being adopted. The remarks made 
by Mr. Wood as to the standard in length are very important, and should be 
considered. In regard to the size of the journal, I am under the impression 
that experiments were quoted in the Master Car Builders' Convention in 
support of a large journal. I think there is no doubt that with large jour- 
nals there is a better chance for lubricating. The large journal was adopted, 
not with a view to add strength to the journal, but to insure better lubrica- 
tion. I think that some members are under the impression that they would 
be obliged to adopt the axle if they voted in favor of the proposition before 
us, but I do not, think that is the spirit of the proposition. 

Mr. Hudson, Bogers Locomotive Works — I have no doubt that the size 
recommended is well adapted to the existing acquirements of many of our 
railways on account of the weight that they carry in their cars. It is desira- 
ble to have a standard for use on foreign cars. That standard, however, 
would not apply to railways in regard to tender axles. We are in the habit 
of keeping tenders at home where we can attend to them if they need 
repairs. The difference of an inch in the size of the journal is necessary in 
many cases, when you make tenders carrying twenty-five or twenty-six hun- 
dred gallons of water. You then increase the weight beyond what can be 
safely carried, so far as lubrication is concerned, until you get it to, say, 
three and three-fourth* inches by six. I am in favor, therefore, of increasing 
the length of the journal, aqd increasing the length necessarily increases the 
diameter of the wheel-seat, that has been increased also to avoid the break- 
age at the back of the wheeL I apprehend that it is not simply a matter of 
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how much you want to carry that will determine the size of the journal. I 
must say that I believe that three by six, or three and a quarter by six inches) 
is too small for the loads at present carried. I can recollect when journals on 
four-wheeled passenger cars were three and a half by one and three-fourth 
inches. * The size has been gradually increased from year to year, and I 
know of numerous conventions that have met at different periods and have 
adopted a fixed standard size for the time, but they all failed to secure uni- 
formity in the use of that standard, because they did not take into considera- 
tion the requirements of the future. We have got to deal with the present 
and the future will take care of itself. With regard to the length of the 
journal adapted to our present roads and the loads that we have to carry, I 
have no doubt that it would be wise to increase it from six to seven inches 
and even more. 

Mr. Welm, Jeffersonville, Madison & Indianapolis Railroad — I presume 
there is not much difference of opinion with regard to the size of the journal, 
at least I have no objection to that size of journal. The only objection that 
I have to the axle is that there is more iron in it than is necessary under 
ordinary circumstances, and that it is not necessary to have an axle so large 
as four and seven-eight inches in diameter to carry an ordinary freight 
or platform car. There may be large sleeping cars or very heavy cars with 
which it might be an advantage to use the size recommended. So far as the 
journal is concerned I believe that three and a quarter inch journals are, 
perhaps, better than a smaller size, at least to begin with. The size of the 
journal that we use on our road, the standard size of freight and passenger 
cars, is three and a half by seven inches, which is a quarter of an inch 
smaller than the size recommended. I have no objection to the size of the 
journal. 

Mr. White, Evansville & Crawfordsville Railroad — On our line we had 
a journal which was three and a quarter by seven inches, but it wore down 
to thrfee and three-sixteenth inches and then broke at the inside collar. 
That was some two years ago. Since that time we have increased it a quar- 
ter of an inch, and I am now putting axles under the passenger cars with 
journals seven by three and a half inches. I have the same view a6 that 
expressed by Mr. Wells with reference to the weight of the axles. I do not 
think it is worth while to increase the entire length of the axle in size. Our 
wheel-seats are four and three-eight inches instead of four and seven-, 
eighths, and in the center they are about three and seven-eight inches. 
The length is about the same as that recommended for the standard axle. 
This makes the axle considerably lighter, and they answer our purpose better 
from the fact that our cars are not so heavy as some of the cars on other 
roads. I think it should depend entirely upon circumstances — we do not 
need a very heavy axle under a class of light cars. 

Mr. Robinson, Great Western of Canada — I would like to make a few 
remarks in regard to the axle in this respect. It seems to me that the ques- 
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tion 18 a more important one for cars than it is for tenders, and if we coald 
for tlie time being, throw aside our ideas in regard to the locomotive depart- 
ment and tenders, to which this question refers, we could settle our minds a 
little more easily. We know that tenders do not go from one road to 
another ; there is no exchange of tenders made, but between the different 
railroads there is an interchange of car rolling stock. I, for one, would not 
like any thing done at this Convention that would disturb what has already 
been done at so great a sacrifice of time and trouble by the Gar Masters' 
Convention. We have taken no definite action in regard to this matter, but 
they have. I believe that they have done the best they could; until there 
is a better standard proposed let us use the standard recommended by them. 
It is better to have this axle, and even if we disapprove of it in the minority 
it is better to have that than none at all for a standard. I would tlierefore 
recommend to Mr. Forney that he modify the resolution and make it more 
acceptable to this Convention by putting it in this shape: Besolvedj That 
this Convention regard the standard axle as recommended by the Car 
Masters' Convention as a suitable standard for car rolling stock. That 
means that we approve of it as a suitable standard for car rolling stock 
only. 

Mr. Forney, Bailroad Gazette— I think that the resolution as it now 
reads is substantially that. I would say in reply to what Mr. Hayes has 
said that I do not conceive that a recommendation of this size as the standard 
axle obliges every body to throw away their present axles and put in this. 
That would be absurd, no railroad company would go to that expense. But 
at the time this subject was before the Master Car Builders' Association they 
took great pains to learn from the different railway companies what were 
the standard axles in use on the different lines. They printed a table of 
those axles. I think that there were seventy-two different sizes of standard 
axles. If we could agree upon any standard it would be an advantage, of 
course. What I hope to accomplish by this resolution is to induce new rail- 
road companies to adopt an axle uniform with that in use on other roads. 
At present there is no standard for them to go by, consequently they are 
quite at sea as to what they should adopt. By this resolution we merely 
say to them that if it is convenient to adopt this standard size of axle we 
advise it. I hope the members will not get the impression that we propose 
to recommend that all railroad companies take their old axles out and throw 
them away, and put the standard axle in. We do not propose any thing of 
that sort. 

The President — The motion before the Convention is on the adoption 
of the resolution as offered by the Committee, "That this Association concur 
with the Master Car Builders' Association in recommending the adoption of 
the standard axle for car and tender axles which that Association has 
proposed, when said axles are to be made of iron." Are you ready for the 
Question? 
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The sense of the ConTention was expressed by the showiog of hands, but 
the President was unable to determine whether the resolution was adopted. A 
standing vote was then taken with this result : for the resolution, 23 ; 
against the resolution, 35. The President therefore declared the resolution 
rejected. 

The President — The next business in order is the election of officers for 
the ensuing year. Article II of the Constitution provides : 

^Section 1. The officers of the Association shall be a President, a Firs 
and Second Vice-President, a Secretary, and a Treasurer. 

''Sec. 2. The above-named officers shall be elected separately, by ballot, 
at a regular meeting, and a majority of all votes cast shall be be necessary to 
a choice. 

''Sec. 3. The officers shall be elected for a term of one year, but in the 
event of the election being postponed shall continue in office until their suc- 
cessors shall be elected. 

''Sec. 4. Two tellers shall be appointed by the President to conduct the 
election and report the result.'' 

I win appoint as tellers for this election Messrs. Sedgley and Wells. It 
will be better before the election to take a recess for a few minutes to enable 
the members to prepare their votes. 

Mr. Gbaham, Lackawanna & Bloomsburg Bailroad — I move that the 
election of officers be postponed for one year. 

The motion was seconded by Mr. Sedgley. 

The President — ^The motion before the Convention is that the election 
of officers be postponed for one year. Before putting the question I will say 
tUat, as President of the Association, I was intending to state before the elec- 
tion took place that I have thought it would be better for the Association to 
make selection of a new President. Of course, I am thankful for the honor 
you have conferred upon me, and have tried to do the best I could, but I 
think it would satisfy the officers generally if there were an election. There 
was no election last year. We, of course, take it very kindly that you seek 
to keep us in office by deferring the election, and if the Convention see fit I 
must put the vote. 

Mr. BoBiNSON, Qreat Western of Canada— I think it would be due to my- 
self, as well as due to you that I should inform the Convention that, in the 
coarse of a few months I shall be out of the railway business, as I have 
accepted a very advantageous offer to take charge of anotheV business. At 
the same time my love for railway life is such that I shall continue a mem- 
ber of your Convention and a Master Mechanic in spirit, and in so far as I 
may be able shall help the Association all I can. I think a great deal of 
this Association, and I shall always be one with you in heart and feeling 
It is due to you that I should state this, for I do not want you to elect an 
officer unless you think that he is in every way fitA^ for the trust you 
repose in him. ^ 
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The President then pat the motion that the election of officers be postponed 
for one year, and it was nnanimouslv carried. 

Mr. Hayes moved that a Committee of three be appointed to draft reso- 
lutions. 

Carried. 

The President appointed on such Committee Messrs. Fry, Sedgley, and 
Wells. 

The Conyention here took a recess for ten minutes. 

The Pbesident — ^The Committee on Assessment is ready to make their 
report. The report is in the hands of the Secretary. 

Beport of Committee on Assessment. 

To the Americfm Railway Master Meckania^ Aasociation : 

Gentlemen — Your Committee on Assessment would report that 
they have collected eleven hundred and thirty-three dollars, as 
follows : 

For assessment for current year ~ $1,060 00 

For back dues .^ 60 00 

For initiation fee 13 00 

Total $1,133 00 

Respectfully submitted, » 

WILLIAM WOODCOCK,) 

A. J. SANBORN, } QmmiUee. 

J. K. TAYLOR, J 

On motion, the report was received. 

The Pbesident — The compensation of your Secretary has not yet been 
paid. What action will you take in regard to it? 

Mr. Phflbbick, Maine Central Railroad--I move that the usual compen- 
pation be paid the Secretary. 

Mr. Sellers, of Philadelphia — ^I underatand that the duties of the Secre- 
tary have increased very largely during the past year. 

The President — ^They are increasing all the time. 

Mr. Sellers, of Philadelphia — The size of the volume published last year 
indicates a geeat deal of labor. I have no knowledge in regard to these mat- 
ters, but I should like to see those* who do the work by which we are all bene- 
fited fully compensated for their labor. 

Mr. Hayes, Illinl'i^.Central Railroad— I would like to move an amend- 
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ment to the resolution of Mr. Philbrick, that the amount paid the Secretary 
be $750 instead of $500. 

Mr. Philbrick accepted the amendment, and the resolution was then 
adopted. 

The Pbesidxitt-^I am informed bj the Committee on Arrangements that 
the use of this hall has been kindly donated to us by the Trustees of the 
Cooper Union, and it is highly proper that some resolution thanking them 
for the use of the hall be adopted. 

Mr. Brooks offered the following resolution, which was seconded by Mr. 
Sedgley and unanimously adopted : 

JResolvedj That tlie American Bailway Master Mechanics' Association, in 
convention assembled, hereby tender their sincere thanks to the Trustees of 
the Cooper Union for the free use of this hall for the Eighth Annual Con- 
yention of this Association, and that this Association publicly express their 
appreciation of the eminent seryices in the advancement of the cause of 
education and science rendered by Mr. Peter Cooper, the venerable founder 
of the Cooper Union. 

Mr, Peter Cooper — I would reply in behalf of the Trustees that you are 
entirely welcome to the use of this hall. We are glad to have it used for so 
useful a purpose, and you will be welcome to it at any future time when you 
may find it convenient to occupy it. This building is devoted to the welfare 
of the community, and whenever it can contribute to that end so effectually 
as it does in giving place for such a meeting as this it will be a source of pe- 
culiar pleasure to myself and to the Trustees. I will state to you what I 
mentioned to your President just now, that, if agreeable, when you adjourn, 
I would like to have you follow me through the rooms of the Cooper Union, 
that you may see the work that is being accomplished here. The rooms on 
this floor are occupied at night by boys, and the rooms below are occupied by 
the girls in the day, and I may be able to show you only the rooms that are 
occupied at night. 

The President — ^Is the Committee on Besolutions ready to report ? 

Mr. Fry, the Chairman of the Committee on Besolutions, submitted the 
following, which were unanimously adopted : 

Beport of Committee on Besolutions. 

To the American Bailway MasterlMeckanies^ Assoeiation : 

Resolved, That the thanks of this Association be presented to the . 
Merchants and Manufacturers who have so kindly and respectfully 
welcomed us to the City of New York, the great commercial center 
of the continent, and to the several Committees for their yarioua 
and agreeable entertainments which have been so well and so unos- 
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tentatiously managed. To the Rev. Dr. Pullman^ who opened the 
session of this Association by an eloquent appeal to our Sapreme 
Raler for guidance in our deliberations and strength to carry out 
the duties imposed on us by our officers. To the Press of the City 
of New York for their report of our proceedings, and to the Rail- 
roads who have extended to us facilites of passes, etc. 

Respectfully, 

HOWARD FRY, ) 

JAMES SEDQLEY,V Committee. 

R. WELLS, J 

Mr. Sellebs, of Philadelphia — ^It may be considered that the manner in 
which the election of officers has been divested shows oar appreciation of the 
services of those gentlemen, bnt it seems to me that, in consideration of the very 
great good that they have done the Association, the members should offer 
them a special vote of thanks, and I therefore beg leave to offer the follow- 
ing resolution: 

Be9olvedy That the thanks of this Association be tendered to its officers who 
have labored so zealously in their respective places, a labor confined not 
alone to the time of meeting, but extending through the entire year and con- 
tributing very largely to our success. 

The resolution was unanimously adopted. 

The President — Gentlemen, I thank you very kindly for this expression 
of your favor, and I hope in future you may have no cause to regret any thing 
that you have done to-day. I will endeavor to do the best that I can, and, 
with the assistance of the officers you have elected on the staff, I trust may be 
able to do what is for the best interests of the Association. Is there any other 
business to come before this Association? Before we adjourn I would like 
to say one word more to each and every member, and that is that we must 
strive this year to answer the circulars of the committees earlier and more 
fiilly than hitherto, in order that they may have them in time to compile 
their reports. The success of this Association depends In a great degree 
upon the reports read and discussed in open convention. We meet here to 
get at the facts which are of interest and importance to us. These facts can 
be reached in no other way than by the Master Mechanics stating their 
experiences, either to committees or in convention, or both. As has been 
said here several times during the past few days, scientific men, not only in 
this country but in Europe, are looking for the experience of the members of 
this Association. They need the result of our experiments to determine 
what course they shall adopt in the mechanical department of their rail- 
ways. The success of our Association depends upon the efforts of the indi- 
vidual members. We hope that every member this year will try to do a 
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little more than he has done before, and to do his duty more promptly. In- 
stead of three or foar hundred pages in our Annual Report, we would like to 
have a volume of a thousand. 

Mr. Forney, Bailroad Gazette — I have had applications, from time to 
time, from parties who are not members of the Association, inquiring whether 
the reports of the Master Mechanics' Association could be purchased or pro- 
cured. I do not know whether the Association has ever taken any action 
with regard to selling the reports. If not, I would move that the reports of 
the Association be offered for sale by the Executive Committee. 

Mr. SetcheIi, Little Miami Kailroad — In answer to Mr. Forney's question 
I would state that, at a meeting of the Supervisory Committee held some 
months ago, the Secretary was instructed to charge one dollar per copy for 
reports furnished to those outside of the railroad business and having no 
connection with the Association. That direction has been adhered to, and 
we have received from that source, as reported, the sum of $17.14. 

Mr. Forney, Bailroad Qazette — ^That covers exactly what I had in view, 
but I would suggest that public announcement be made to that effect. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Bailroad — Some refer- 
ence has bSen made to the subjects for investigation during the next year. I 
would like to call the attention of the Convention to one subject that will be 
presented, and that is as to the form, material, and proportions of locomotive 
boilers and Ore boxes. The fuel expense of locomotives is probably greater 
than that of repairs, and it is a matter of very great importance. The great 
question for us to determine is whether we have yet secured the proper form 
and proportions for fire boxes ; whether we have the best form that can be 
adopted for economy of fuel ; whether we have arrived at the limit of econ- 
omy in that direction. It seems to me that the only way to ascertain that it 
by making very careful experiments and investigations. Where you have 
boilers that are of different sizes and proportions doing the same work you 
have an opportunity to ascertain whether the proportions or forms have any 
considerable effect on the amount of fuel consumed. It seems to me we have 
not so far given much attention to this matter, at least not the attention that 
the subject requires. It is one of very great interest to all, and it may be of 
very great profit if we carefully investigate it during the coming year. 

Mr. Sellers, of Philadelphia — I do not know whether the Committee in 
charge of the subjects for discussion for the next year have thought it proper 
to solicit information in regard to the shape of the flange of the tire for loco- 
motives. I had given to me yesterday a paper showing the profile of a tire 
used on some railroads, and recommended for general adoption by various 
parties, and it was the wish of the Midvale Steel Works to obtain a sugges- 
tion from this Association as to the proper form'of profile of flange tire for 
locomotives. Is there a possibility of having that information obtained 
through this Association ? 

The President — We will entertain any motion that you may make 
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to get at the facts, bat I think the better way for the Midvale Steel Works 
would be to send a circular requesting information to each member of 
the Association. 

*Mr. Bbooks, Brooks Locomotive Works — ^That would depend in a great 
measure upon the character of the service the tire is intended to perform— 
that is, the frogs that it is intended to run through. On some roads in Eu- 
rope the flange has an office to perform that it does not have in this country. 
There the flange is supposed to carry the weight through the frogs on a 
double inclined plane, and in such case it has to be entirely different from 
what it is here. I know that, because I have had most of the flanges of the 
Krupp tire which I have used, changed. They were formerly sent here with 
the same profile that they have in Europe. As to the shape of tires there 
are just about as many different opinions as there are Master Mechanics. I 
hardly think that there is a template that will fit in any two shops. The 
form of tire now used by Krupp people will turn up in any shape of flange 
that our American people want. Is not that so, Mr. Hudson ? 

Mr. Hudson, Bogers Locomotive Works — ^I believe that is correct. They 
have changed their form recently, and make it come to a very sh^rp edge — 
too sharp, indeed. In ordering tires we send a special template to make 
them. 

Mr. Fry, Philadelphia & Erie Bailroad — I deem it of great importance 
that the members of the Association should receive our Annual Beport at the 
proper time ; but to save our Committee from trouble I would propose to not 
have the Annual Beport sent to members who have not paid their assessment. 
I think if it is not sent it will act as a hint to some who may have forgotten 
their dues, and perhaps bring in an assessment otherwise forgotten. I would 
therefore ofier it as a resolution, that the Annual Beport be not sent to any 
member who has not paid his assessment. 

Mr. Bbooks, Brooks Locomotive Works — As I understand the motion it 
is intended to apply only to those members who have not paid their assess- 
ment as prescribed by the Constitution. 

The President — ^That is so, and it will be six months before the report 
is ready. 

The resolution of Mr. Fry was then adopted. 

On motion of Mr. Sellers, the Convention then acyourned. 
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COMMITTEES AND SUBJSCTS FOB DISCUSSION AT 
THE NINTH ANNUAL CONVENTION. 



1. 
Locomotive Testi. 



M. N. FOBNEY, Bailroad Gazette ; 

R. H. THURSTON, Stevens' Institute; 

W. WOODCOCK, Central of New Jersey. 

2. 
LOcoxnotiye Construotion. 

JAS. SEDGLEY, Lake Shore & Michigan Southern ; 
H. G. BROOKS, Brooks Locomotive Works; 
H. FRY, Philadelphia & Erie; 

W. S. HUDSON, Rogers Locomotive Works ; 

S. A. HODGMAN, Philadelphia, Wilmihgton & Baltimore. 

3. 

Locomotive Tire, Truck and Tender Wheels. 

A. B. UNDERHILL, Boston & Albany; 
J. THOMPSON, Eastern; 

F. A. WAITE, Boston & Maine; 

GEO. RICHARDS, Boston & Providence. 

4. 

Best and Most Economical Metal for Locomotive and Tender 

Bearini^B. 

JOHN ORTTON, Great Western of Canada; 
F. M. WILDER, Erie ; 

PETER CLARK, Northern of Canada. 
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5. 

Is it Economical to Use Injectors on Locomotives, and to 
What Extent? 

E. T. JEFFERY, Illinois Central ; 

J. A. JACKMAN, Chicago, Alton & St. Louis; 

GEO. CUSHING, Missouri, Kansas & Texan. 

6. 

The Best Material, Porm, and Proportion of Locomotiye 
Boilers and Fire Boxes. 

B. WELLS, Jefiersonville, Madison & Indianapolis ; 
C. R. PEDDLE, Terre Haute & Indianapolis; 
S. J. HAYES, Illinois Central; 

S. M. CUMMINGS, Pittsburgh, Fort Wayne & Chicago; 

L. S. YOUNG, Cleveland, Coluotbus, Cin. <& Indianapolis. 

7. 
Boiler Explosions. 

Westebk Commtttbe — 

H. M. BRITTON, Cincinnati ; 

R. WELLS, Jefiersonville, Madison & Indianapolis; 
C. R. PEDDLE, Terre Haute & Indianapolis; 
J. H. SETCHEL, Little Miami ; 

S. M. CUMMINGS, Pitteburgh, Fort Wayne & Chicago; 
N. E. CHAPMAN, Cleveland & Pitteburgh. 

Eastern Committee — 

H. M. BRITTON, Cincinnati ; 

A. B. UNDERBILL, Boston & Albany; 
H. L. BROWN, New Lebanon, N. Y.; 
J. H. FLYNN, Western & Atlantic f 

THOMAS KERR, Camden & Amboy; 

W. A. ROBINSON, Great Western of Canada; 
J. W. PHILBRICK, Maine Central; 
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8. 

Pinanoe. 

G. W. STRATTAN, Pennsylvania; 

J. U. EASTMAN, Nashville & Chattanooga; 
C. T. HAM, Buffalo Steam Qauge Co. 

9. 

Trustees Boston Fund, Printing and General Supervisory 
Committee. 

H. M. BRITTON, Cincinnati; 

N. E. CHAPMAN, Cleveland & Pittsburgh; 

W. A. ROBINSON, Great Western of Canada; 
S. J. HAYES, Illinois Central ; 

J. H. SETCHEL, Little Miami. 

10. 

Arrangements for Ninth Annual Meeting, 

COLEMAN SELLERS, Philadelphia; 

E. H. WILLIAMS, Baird & Co., Philadelphia; 
W. B. BEMENT, Philadelphia. 
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CONSTITUTION 

AS AMENDED AT THE SIXTH ANNUAL MEETING, BALTI- 
MORE, MAY 13, 1873. 



PEEAMBLE. 

We, the undersigned, Bailway Master Mechanics believe that the interests 
of the Companies by whoni we are emplojed may be advanced by the organ- 
isation of an Association which shall enable us to exchange information upon 
the many important questions connected with our business. To this end do 
we establish the following 

CONSTITUTION. 

ARTICLE I. 

Section 1. The name and style of this Association shall be the American 
Railway Master Mechaihcs* Association. 

ARTICLE II. 

Sec. 1. The' officers of the Association shall be a President, a First and 
Second Vice-President, a Secretary, and a Treasurer. 

Sec. 2. The above-named officers shall be elected separately, by ballot, at 
a regular meeting, and a majority of all votes cast shall be necessary to a 
choice. 

Sec. 3. The officers shall be elected for a term of one year, but in the 
event of the election being postponed shall continue in office until their suc- 
cessors shall be elected. 

Sec. 4. Two tellers shall be appointed by the President to conduct the 
election and report the result. 

ARTICLE III. 

Sec. 1. It shall be the duty of the President to preside in the usual man- 
ner at all the meetings of the Association, and approve all bills against the 
Association for payment by the Treasurer. 



Sec. 2. It shall be the duty of the Vice-Presidents, according to rank, to 
perform the duties of the President in hia. absence from the meetings of the 
Association. 

Sec. 3. In case of the absence of both President and Vice-Presidents, the 
members present shall elect a President pro tempore. 

Sec. 4. It shall be the duty of the Secretary to keep a full and correct 
record of all transactions at the meetings of the Association ; to keep a record 
of the names and places of residence of all members of the Association, and 
the name of the road they each represent; to receive and keep an account of 
all money paid to the Association, and at the close of each meeting deliver 
the same to the Treasurer, taking his receipt for the amount; to receive 
from the Treasurer all paid bills, giving him a receipted statement of the 
same. 

Sec. 5, It shall be the duty of the Treasurer to receive all money from the 
Secretary belonging to the Association ; to receive all bills against the 
Association, and pay the same, after having the approval of the President ; 
to deliver all paid bills to the Secretary at the close of each meeting, taking 
a receipted statement of the same; to keep an accurate book account of all 
transactions pertaining to his office. 

ABTICLE IV. 

Sec. 1. The following persons may become members of the Association by 
signing the Constitution, or authorizing the President or Secretary of the 
Association to sign for them, and pay the initiation fee of one dollar. Any 
person having charge of the Mechanical Department of a Railway known 
as ** Superintendents," or "Master Mechanics," or "General Foremen," the 
names of the latter being presented by their superior officers for membership. 
Also, two Mechanical Engineers or the representative of each Locomotive 
Establishment in America. 

Sec. 2. Civil and Mechanical Engineers and others whose qualifications 
and experience might be valuable to the Association may become Associate 
Members by being recommended "by three active members. Their names 
shall then be referred to a committee, which shall report to the Association 
on their fitness for such membership. Applicants to be elected by ballot at 
any regular meeting of the Association, and five dissenting votes shall reject. 
The number of Associate Members shall not exceed twenty. Associate Mem- 
bers shall be entitled to all the privileges of active members excepting that 
of voting. 

Sec. 3. Any person who has been or may be duly qualified, and signs, or 
causes to be signed, the Constitution, as member of the Association, remains 
as such until his resignation may be voluntarily tendered. 

Sec. 4. All members of the Association will be liable for such dues as may 
be necessary to assess to defray the expenses of the Association, and any 

14 
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member who shall be two years in arrears for annual daes shall have his 
name stricken from the roll, and be duly notified of the same by the Sec- 
retary. 

ABTICLE V. 

Sec. 1. The regular meeting of the Association shall be held annually on 
the second Tuesday in May. 

Sec. 2. Kegular meetings shall beheld at such place as may be determined 
upon by a majority of the members present at the previous meeting. 

Sec. 8. An adjourned meeting may be held at any time and place that a 
majority of the members present at any meeting may elect. 

Sec. 4. The regular hours of sessions shall be from 9 o'clock A. M. to 2 
o'clock P. M. 

Sec. 5. During the business sessions no communications shall be received 
or acted upon other than those pertaining to the business of the Association. 

ARTICLE VI. 

Sec. 1. This Constitution may be amended at any regular meeting of the 
Association by two-thirds vote of the members present. 



Resolution passed at the Sixth Annual Meeting^ Baltimore^ May^ 1873. 

Resohedy That no expense shall be incurred by committees except by the 
unanimous consent of the General Supervisory Committee, given in writing 
to the chairman of said committees, stating the amount to be expended. 



Resolution on Boston Fund. 



Resolvedf That the Boston Fund, amounting now, with accrued interest, to 
$3,620, be invested in Government securities to be selected by the duly 
appointed Trustees, and not to be disturbed for the purpose of expenditure 
unless authorized by the majority of members present in open convention, 
and then only after due notice of a motion to expend the same has been given 
at the session immediately preceding ; and that the interest accumulating 
shall every year be invested in the same manner as the principal, and a full 
account of the same be duly reported with other financial statements. 
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NAMES AND ADDBESS OF MEMBERS. 



NAME. BOAD. ADDBESS. 

Anderson^ H .'. 156 Lake at., Chicago. 

Anderson, J. H N. Y. B. & P. Rd Providence, R. I. 

Adams, G. Q Q. M. & P. Rd Kirksville, Mo. 

Alden, H. A C. C. & B. & O. Rd Brockville, Ont. 

Britton, H. M N. Y. & N. E. Rd Boston, Mass. 

Boon, J. M P. Ft. W. & C. Rd Fort Wayne, Ind. 

Baer, R. B T. & N. O. Rd Houston, Texas. 

Bushnell, R. W B. C. R. & M. Rd Cedar Riipids, Iowa. 

Brastow, L. C L. & S. Rd Ashley, Pa. 

Brown, H. L .' New Lebanon, N. Y. 

Blackall, R. C A. & S. Rd Albany, N. Y. 

Boyden,G. E B. H. & E.Rd Boston, Mass. 

Burroughs, A. P M. & O. Rd Marquette, Mich. 

Brooks, H. G Brooks Locomotive Works Dunkirk, N. Y. 

Brown, C.H Ulica, N. Y. 

Britton, A. W C. & W. V. Rd.... Harrison, O. 

Burferd, H. N i...M. & C. Rd Huntsville, Ala. 

Blackburn, V.« Erie Rd Jersey Ciiy, N. J. 

Brewer, S. E N. Y. N. H. & H. Rd Hartford, Conn. 

Chapman, J. W Erie Rd.~ Hornellsville, N. Y. 

CuUen, Wm 219 Barr st. Cincinnati 

Cooper, W. E Dunkirk, N. Y. 

Chapman, N. E C. <& P. Rd Cleveland, Ohio. 

Cummings, S. M P. Ft. W. & C. Rd Allegheny, Pa. 

Coolidge, G. A...., F. Rd Char lestown,. Mass. 

Clark, David -....L. V. Rd Hazleton, Pa. 

Cooper, H. L H. <&St. Joe Rd Hannibal, Mo. 

Church, Foster T. & B. Rd.- Troy, N. Y. 

CoUings, E C. & A. Rd Camden, N. J. 

Colburn, R..- N. & W. Rd Norwich, Conn. 

Cook, James Danforth & Cook's Locomotive 

and Manufacturing Co..........Pater8on, N. J. 

CuBhing, Geo M. E. <& T. Rd Sedalia, Mo. 
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NAME. BOAD. ADDRESS. 

Curtis, Bobert P. C. & St. L. Rd Columbus, Ohio. 

Crockett, John F B. L. & N. Bd Boston, Mass. 

Clark, Peter N. Bd. of Canada Toronto, Canada. 

Child, F. D Hinkley Locomotive Works Boston, Mass. 

Cascaddin, B. O C. B. I. & Pac. Bd Trenton, Mo. 

Cook, Leo L B. & A. Bd Brunswick, Ghi. 

DeClercq, A. H In. & G. N. Bd Hearne, Texas. 

Devine, J. F W. & W. Bd Wilmington, N. C. 

Drippes, Isaac P. Bd 3405 Walnut st., Wes 

Philadelphia. 

Davies, D. T V. & M. Bd Fitchburg, Mass. 

Duncan, Wm Worcester, Mass. 

Dohoney, B. V Late A. & E.Bd Baltimore, Md. 

Dripp, W. A N. Y. & O. M. Bd Philadelphia, Pa. 

Eddy, Wilson.- B. & A. Bd Boston, Mass. 

Elliott, Henry.. Late O. & M. Bd East St. Louis, Mo.' 

Edams, J. B L C. Bd Amboy, 111. 

Evans, Thomas C. & F. Bd Catasauqua, Pa. 

Erwin, J. H- G. B. & M. Bd Fort Howard, Wis. 

Eastman, J. U N. & C. Bd Nashville, Tenn. 

Ellis, J. C Schenectady Locomotive Works.Schenectady, N. Y. 

Eastman, C. L C. Bd , Concord, N. H. 

Elder, Jos B. B. L <& St. L. Bd Beardstown, 111. 

Elliott, C. C C. & N. W. Bd Clinton, Iowa. 

Ellis, W. H P. & R. Bd Catawissa, Pa. 

Fobs, J. M C. V. Bd St. Albans, Vt. 

Fry, Howard P. & E. Bd Williamsport, Pa. 

Flynn, J. H W. & A. Bd Atlanta, Ga. 

Fuller, Wm A. & G. W. Bd Meadville, Pa. 

Fellows, Chas Late L. S. & T. V. Bd Cleveland, Ohio, 

Faries, H. V A. T. & S. F. Bd Topeka, Kansas. 

Finlay, L C. & F. Bd Little Bock, Ark. 

Fields, W. A P. & O. Bd Portland, Maine. 

Funk, J.S N. C. Bd Marysville, Pa. 

Foster, W. L P. & E.Bd Benovo, Pa. 

Foster, W. A W. & M. Div. F. Bd Fitchburg, Mass. 

Gibbs, E. B St. Louis, Mo. 

Graham, Chas L. & B. Bd Kingston, Pa. 

Glass, G. W A. V. Bd Pittsburgh, Pa. 

Garfield, E H. P. & F, Bd Hartford, Conn. 

Garrett, H. D... P. Bd West Philadelphia. 
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NAM£. BOAD. ADDRESS. 

Gorman, T. G... M. K. & T. Ed Springfield, 111. 

Grant, R. D. 

Griggs, W. H N. Y. & O. M. Rd Oswego, N. Y. 

Griggs, Albert... W. & N. Bd Worcester, Mass. 

Granger, W. E... W. & B. R. Rd Utica, N. Y. 

Oassett, L. O L. S. & M. S. Rd South Cleveland, Ohio. 

Gould, A N. Y. C. & H. R. Rd Rochester, N. Y. 

Gk>uld, F Middletown, Orange 

Co., N. Y. 

Gilbert, W. G .P. & St. L. Rd Portland, Oregon. 

Hanford, Henry... N. Rd« Bridgeport, Conn. 

Hippie, W. H Late T. & P. Rd Marshall, Texas. 

Hayes, 8. J 111. Cent. Rd... Chicago, III. 

Hill, E. O Erie Rd New York City. 

Holloway, J. W C. Mt. V. & D. Rd Akron, Ohio. 

Ham, C. T Buffalo Steam Gauge Co Buffalo, N. Y. 

Hull, A. S C. V. Rd Chambersburg, Pa. 

Hudson, W. S Rogers Locomotive Works Paterson, N. J. 

Hibberd, A. W Jefferson City Iron Works Jefferson City, Mo. 

Hewitt, John :..A. & P. Rd St. Louis, Mo. 

Haynes, O. A St. L. & L M. Rd~ Carondalet, Mo. 

Healy, B. W Rhode Island LocomVe Works..Providence, R. I. 

Hollister, C. W .Valley Rd Hartford, Conn. 

Hubbard, J. G .Erie Rd Buffalo, N. Y. 

Hodgman, S. A P. W. & B. Rd Wilmington, Del. 

Hain, F. K Erie Rd Susquehanna, Pa. 

Hanglin, J. A^ Texas Pacific Rd Marshall, Texas. 

Hill, Rufus C. & A. Rd Camden, N. J. 

Haggett, J. C D. A. V. & P. Rd Dunkirk, N. Y. 

Harding, B. R R. & G. Rd Raleigh, N. C. 

Johann, Jacob T. W. & W. Rd Springfield, 111. 

Jackman, J. A C. A. & St. L. Rd Bloomington, 111. 

Jones, Thomas C. & F. Rd Catasauqua, Pa. 

Jeffery, E. T L C. Rd Chicago, 111. 

Johnson, J. D C. & A. Rd Chicago, 111. 

Kinsey, J. I L. V. Rd Easton, Pa. 

Kelly, Jos P. & W. Rd Providence, R. L 

Kerr, Thomas C. & A. Rd Bordentown, N. J. 

Keeler, Sanford F. & P. M. Rd Marquette, Mich. 

Kidder, B. H Buffalo, N. Y. 

King, Robert C. C. & A. Rd Columbia, S. C. 
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NAME. ROAD. ADDBE3S. 

Kilby, G. S C. & p. Rd Lyndonville. Vt. 

Losey, Jacob L. N. A. & C. Rd New Albany, Ind. 

Losee, T. V I. B. & W. Rd Urbana, 111. 

Little, H. A 2043 Tower St., Phila- 
delphia, Pa. 

Lewis, C. M N. C. Rd Baltimore, Md. 

Lauder, J. N N. Rd Concord, N. H. 

Landis, H.D B. & S. S. Rd : Bellefonte, Pa. 

Leech, H. L Hinkley Locomotive Works Boston, Mass. 

Logan, P. A N. B. Rd Fredrickton, N. B. 

Lininger, W P. V. & C. Rd Pittsburgh, Pa. 

Lingle, Thomas C. & O. Rd Richmond, Va. 

Lewis, W. H D. L. & W. Rd Hoboken, N. J. 

Losey, Fred. C 120 Park ave., Jack- 
son, Mich. 

Lannon, Wm W. M. Rd Union Bridge, Md. 

Ladd, J. J Litchfield, 111. 

Lamb, James C. B. & Q. Rd Galesburg, 111. 

LaSeur, W F. N. S. & C. Rd College Point, L. L 

Munro, J. C St. P. & P. Rd St. Paul, Minn. 

Moore, S P. Ft. W. & C. Rd Allegheny. Pa. 

Mulligan, J C. R. Rd Springfield, Mass. 

Mitchell, A W. Div. L. V. Rd Wilkesbarre, Pa. 

McKenna, J.. L P. & C. Rd Peru, Ind. 

McAllister, W W. J. Rd Camden, N. J. 

McFarland, Jas M. & M. Rd Montgomery, Ala. 

McFailand, John R. & D. Rd Richmond, Va. 

McCrum, J. S...... M. R. Ft. S. <& G. Rd Kansas City, Mo. 

McDougall, R..." M. C. & O. Rd Whistler, Ala. 

McVey, John W. Rd. of A Montgomery, Ala. 

Maynes, A. G S. R. & D. Rd Selma, Ala. 

Montgomery, James... L. & N. Rd ».. Bowling Green, Ky. 

Morse, G. F Portland Locomotive Works Portland, Maine. 

Martin, J. N G. T. Rd Portland, Maine. 

Mead, L. T W. W. Rd.... Hudson, Wis. 

Morgan, J B C. D. & V. Rd Danville, HI. 

Morris, C. R Housatonic Rd Falls Village, Conn. 

Melzp:er, Clias L. C. & L. Rd Louisville, Ky. 

Morse, J. B.. T. W. & W. Rd Fort Wayne, Ind. . 

McDowell, R B. D. Rd Lambertville, Pa. 

Noble, L. C H. & T. C. Rd Houston, Texas. 
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NAME. BOAD. ADDRESS. 

Noyes, Warren E. Div. G. T. Ed... Gorham Station, N.H. 

Ortton, John G. W. Rd Hamilton, Can. 

Osborne, Ezra Grant Locomotive Works Paterson, N. J. 

Pendleton, M. M S. & R. Rd Portsmouth, Va. 

Perry, F. A C. & A. Rd Keene, N. H. 

Perry, G. W Late P. W. & B. Rd Wilmington, Del. 

Parks, W. M T. & B. Rd Taunton, Mass. 

Philbrick, S. M L. L. & G. Rd...; Lawrence, Kansas. 

Perrin, P. J Taunton Locomotive Works Taunton, Mass. 

Prescott, A. J C. Rd Catawissa, Pa. 

Peddle, C. R T. H. & I. Rd Terre Haute, Ind. 

Philbrick, J. W M. C. Rd Waterville, Maine. 

Prescott, G. H P. C. & St. L. Rd Loganaport, Ind. 

Purves, T. B .* W. Div. of B. & A. Rd Greenbush, N. Y. 

Place, T. W L C. Rd Waterloo, Iowa. 

Potts, J. D. W O. & M. Rd Seymour, Ind. 

Ray, W. F T. W. & W. Rd Fort Wayne, Ind. 

Richards, George B. & P. Rd Boston, Mass. 

Roop, F N. P. Rd Philadelphia, Pa. 

Robinson, W. A Hamilton, Canada. 

Robinette, J.T S. S. Rd Petersburg, Va. 

Rowley, W. D K. C. St. Jo. & C. B. Rd St. Joseph, Mo. 

Ross, Anthony M. AC. Rd Memphis, Tenn. 

Robb, W. D L. P. & S. M. Rd Elizabethtown, Ky. 

Rennie, D. P L. & N. Rd Louisville, Ky. 

Somei-8, A. H P. Ft. W. & C. Rd Valparaiso, Ind. 

Strode, James E. & C. Div. N. C. Rd Elmira, N. Y. 

Stevens, G. W L. S. & M. S. Rd Elkhart, Ind. 

Skidmore, J T. N. & G. S. Rd Nashville, Tenn. 

Shaver, D. O Pennsylvania Rd Pittsburgh, Pa. 

Smith, W. F C. C. C. & L Rd ...Cleveland. Ohio. 

Sellers, Morris No. 6 Ashland Block, 

Chicago, 111. 

Setchel, J. H L. M. Rd Cincinnati, O. 

Sellars, L. H P. & L. Rd Pensacola, Fla. 

Smith, W. T P. & E.Rd Erie, Pa. 

Sedgley, James L. S. & M. S. Rd Cleveland, Ohio. 

StronjT, W. M N. Y. & H. Rd New York City. 

Sanborn, A. J I. & St. L. Rd Mattoon, III. 

Stearns, W. H C. R. Rd Springfield, Mass. 

Sterk, F V. & T. Rd Lynchburg, Va. 
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NAME- BOAD. ADDRESS. 

Smith, J. Y Locomotive Builder Pittsburgh, Pa. 

Stewart, C.E 819 Grove st., Eliza- 
beth, N. J. 

Smith, W. B S. C. Rd Charleston, S. C. 

Slingland, N Western Rd Hartford, Conn. 

Sprague, H. N Porter, Bell & Co Pittsburgh, Pa. 

Sechler, J. F N. Y. & O. M. Rd Worttendyke, N. J. 

Steinberger, Samuel. ..J. M. & I. Rd...: North Madison, Ind. 

Salisbury, L. B St. L. AS. E. Rd Mt. Vernon, 111. 

Schlacks, H I. C. Rd Chicago, 111. 

Strattan, G. W Pennsylvania Rd ....Altoona, Pa. 

Simpson, C. G. C M. O. & W. Rd Montreal, P. Q. 

Thompson, J P. Ft. W. & C. Rd Crestline, Ohio. 

Thompson, C. A L. I. Rd Hunter's Point, L. I. 

Thompson, John Eastern Rd Boston, Mass. 

Turreff, W. F L. S. & T. V. Rd Black River, Ohio. 

Towne, H. A N. P. Rd Brainerd, Minn. 

Taylor, J. K O. C. & N. Rd Boston, Mass. 

Tier, G. H L. S. & M. S. Rd Norwalk, Ohio. 

Tull, C. H N. L. & T. Rd Monroe, La. 

Thompson, A Late O. & M. Rd Seymour, Ind. 

Underhill, A. B B. & A. Rd Boston, Mass. 

Van Vetchen, J Erie Rd Port Jervis, N. Y. 

Van Buskirk, W. G ..D. & C. Rd Fishkill, N. Y. 

Walsh, Thomas M. & O. of L. & N. Rd Memphis, ^Tenn. 

Warren, B St. L. A. & T. H. Rd St. Louis, Mo. 

Wallace, W. L L. S. & M. S. Rd Buffalo, N. Y. 

Wallace, H. S C. &H.V. Rd Columbus, Ohio. 

Woods, H. E C. R. L & Pac. Rd Rock Island, 111. 

Whitney, H. A Intercolonial Rd Moncton, N. B. 

Wells, Reuben J. M. & I. Rd. Jefferson ville, Ind. 

Wright, N A. & G. W. Rd Cleveland, Ohio. 

Wade, R. D IT. C. Rd Company Shops, N. C. 

Wiggins, J. E M. K. & T. Rd Hannibal, Mo. 

Waite, F. A B. & M. Rd Boston, Mass. 

Wilder, F. M Erie Rd :. Buffalo, N. Y. 

Wood, M. P 32 Warren street, New 

York City. 

Wills, J. C T. W. & W. Rd Lafayette, Ind. 

Woodcock, W Central Rd. of N. J Elizabeth port, N. J. 

White, J. L E. & C. Rd Evansville, Ind. 
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NAME. BOAJ). ADDBES8. 

Waddy, J. E O. A. & M. Rd.« Alexandria, Va. 

Williams, E. H Baldwin Locomotive Works Philadelphia, Pa. 

Waugh, L. H K. P. Bd Armstrong, Kansas. 

Weaver, D. S. E. K. Rd Hunnewell, Ky. 

Walls, Martin P. & E. Rd Sanbury, Pa. 

White, Philip C. & P. Rd WellsviUe, Ohio. 

Woodruff, T. B C. Rd. of Iowa Eldora, Iowa. 

Wilson, Wm C. B. & Q. Rd Galesburg, 111. 

Wallace, Robert. Erie Rd Susquehanna, Pa. 

Young, L. S C. C. C. & I. Rd. Cleveland, O. 

ASSOCIATE MEMBERS. 

» 

Bement, W. B 21st and Callowhill streets- Philadelphia, Pa. 

Evans, W.W 63 Pine street ^New York City. 

Forney, M. N Railroad Gazette.^ 73 Broadway, N. Y. 

Holly, A. L Troy, New York. 

Lilly, J. O. D - Indianapolis, Ind. 

Miles, F. B Philadelphia, Pa. 

Morton, Henry Hoboken, N. J. 

Nott, G. H ^ ......Boston, Mass. 

Rogers, J. G - Madison, Ind. 

Sellers, Coleman Philadelphia, Pa. 

Thurston, R. H Professor at Stevens' Institute.... Hoboken, N. J. 

Wheelock, Jerome ~ Worcester, Mass. 
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OBDEB OF BUSINESS. 



1. Beading the Minutes of previous meeting. 

2. Calling the Boll of Members. 

3. Signing the Constitution. , 

4. Beport of Secretary. 
6. Beport of Treasurer. 

6. Beport of Committees appointed at a previous meeting. 

7. Election of Officers. 

8. Appointment of a Committee to suggest Subjects for Consideration. 

9. Appointment of Miscellaneous Committees : on Finance, Printing, and 

Place for holding next Annual Meeting. 

10. Beport of Committee to suggest Subjects for Consideration. 

n. Appointment of Committees to report upon Subjects suggested for 

Consideration. 

12. Unfinished Business. 

II. M. BBITTON, 1 

N. E. CHAPMAN, 

W. A. BOBINSON, -CommiUee. 

S. J. HAYES, 

J. H. SETCHEL, . 
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